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Paragraphs 1-1 thru 1-8

SECTION I

INTRODUCTION

1-1. -GENERAL. 1-7. SUPERVISOR’S RESPONSIBILITIES.

1-2. This  technical  order  is  prepared as a  direc-
tive for personnel engaged in the manufacture, main-
tenance, and installation of integrated fluid pressure
systems that are described in T.O. 00-25-223. Data
i n  t h i s  t e c h n i c a l  o r d e r  a r e  i n  a g r e e m e n t  w i t h ,  o r
have been selected from, codes or  accepted s tand-
ards for welding and testing. In the absence of in-
s truct ions in  a  part icular  technical  manual ,  the in-
formation in this  manual  shal l  be used or  waived
by responsible system personnel. Supplementary in-
formation is included in appendixes I thru VII per-
taining to radiographic, ultrasonic and eddy inspec-
tion, mathematical tables, tables of material charac-
teristics, definitions and abbreviations.

1-8. It is the supervisor’s responsibility to:

a . Thoroughly instruct personnel in the safe
practices and procedures contained in this technical
o rde r .

b. Coordinate with the Ground Safety and Pre-
ventative Medicine Officers on any situation that may
affect safety of personnel or equipment that is not
adequately covered in this technical order.

c .  Be constant ly aler t  for  hazards and acci-
dent producing conditions and take immediate action
to remove source of such conditions.

1-3. PERFORMANCE QUALIFICATIONS.

1-4. Section II of this technical order shall be follow-
ed when it is necessary to qualify welders for work
on high pressure or cryogenic systems.

 d . Insure that only fully trained and authorized
personnel are permitted to perform welding and in-
spect ion of  welds on high pressure and cryogenic
systems.

1-5. Section III  of  this  technical  order describes
qualified welding procedures with certified mechan-
ical  propert ies  for  various combinat ions of  ferrous
and non-ferrous al loys that  are  fabricated in high
pressure and cryogenic systems.

1-6. Section IV of this technical order describes ul-
t rasonic and eddy current  tes t ing methods for  in-
spect ion of  weld fabricat ions of  high pressure and
cryogenic systems; also qualif icat ions and cert if i-
cation requirements for personnel conducting these
non-destructive methods of inspection.

NOTE

Section V, Plate Welding Procedures, and
Section VI Heat Treatment, of this technical
manual will be published at a later date.
Until such time as these sections are pub-
lished, welding methods that  have been
previously employed shall be used for plate
welding.
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Section II
Paragraphs 2-1 thru 2-26

T . O .  0 0 - 2 5 - 2 2 4

S E C T I O N  I I

PERFORMANCE QUALIFICATION  - MANUAL WELDERS.

2-1. GENERAL.

2-2. This  sect ion describes the method for  qual i -
f icat ion of  manual  welding operators  engaged in
welding components  for  high pressure and cryo-
genic systems.  Excerpts  of  information from AWS
Welding Handbook, Military Specification
MIL-T-5021B,  Mi l i t a ry Standard MIL-STD-248A
and ASME Welding Qualification section IX, dated
1959 have been included to cover the broad range
of AF operat ions encountered in missi le ,  a irborne,
aerospace ground equipment and facilities (portable
and installed property) support systems.

2-3. CLASSIFICATION OF WELDING OPERATORS.

2-4. Welding operators will be classified as follows:

a .  C la s s  I  we ld ing  ope ra to r s  may  we ld  on
stress or non-stressed, critical or non-critical, com.
ponents and accessories in high pressure and cryo-
genic systems.

b. Class II welding operators are restricted  to
welding fi l let  joints  for  non-stressed,  non-cri t ical
components  and accessories  in  high pressure  and
cryogenic systems.

2-5. APPLICABLE  DOCUMENTS.

2-6. The following specifications and standards form
a part of this section to the extent specified herein:

2-1. SPECIFICATIONS.

a.  MIL-I-6868,  Magnetic  Part icle  Inspect ion
P r o c e s s .

b. MIL,-I-6865, Inspection Radiographic.

C. MIL-I-6866, Inspection Penetrant.

2-8, STANDARDS” Federal  Test  Method Metals ,
Test Method Standard No. 151.

2-9. REQUIREMENTS FOR QUALIFICATION.

2-10. APPLICATION FOR QUALIFICATION.

1-11. APPLICATION FORM. The applicant shall com-
plete in duplicate,  Figure 2-1,  Application Form.
Forms shall  be furnished by the AF activi ty em-
ploying the applicant. One copy shall be retained by
the appl icant’s  supervisor  and the other  copy fur-
nished to the responsible Quality Control Inspector.

2-12. DEMONSTRATION OF PROFICIENCY. To
achieve qualified status, the operator shall demon-
strate his  skil l  or  proficiency by welding joints  as
specified herein for each specific group of material
for which qualification is required.

2-13, MATERIALS. The operator shall satisfactorily
weld the required joints of representative materials
from each group that will be welded in production.
For the purpose of  this  sect ion,  the materials  are
classified as follows :

2-14. Group A.

2-15. Group B.

B - l

Carbon Steels 40,000 to 75,000 psi
minimum tensile strength.

Alloy Steels.

Chromium content
3 /4%.  To ta l  a l l oy
exceed 2%.

n o t  t o  e x c e e d
content not to

B-2. Chromium content between 3/4%
and 2%. Total alloy content not to
exceed 2-3/4%.

B-3. Total  al loy content  not  to exceed
10%.

2-16. Group C.

C-1
C-2
C-3

Stainless Steels.

Austenitic
Martensitic
Fer r i t i c

2-17. Group D. Aluminum and Aluminum Alloys

2-18. Group E. Nickel and High Nickel Alloys.

2-19. Group F. Copper and Copper Alloys.

2-20. Group G. Titanium and Titanium Alloys.

2-21. WELDING PROCESS. The welding processes for
the purpose of this publication are as follows:

2-22. Oxy-Fuel Gas.

2-23. Metal Arc (coated electrodes).

2-24. Tungsten Inert Gas (TIG).

2-25. Metallic Inert Gas (MIG).

2-26. Carbon Arc.
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Figure 2-1. Application for Examination of Welding Operator

Figure 2-2. Identification Card
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Paragraphs 2-27 thru 2-45

2-27. RECORD OF WELDING VARIABLES.

2-28. Information concerning welding variables shall
be observed and recorded while the respective speci-
men joints are being welded. Variations outside the
l imits  of  the welding procedure specif icat ion wil l
be cause for disqualification.

2-29. PROPERTIES OF JOINTS. The joints shall be
tested and shal l  exhibi t  propert ies  meeting al l  the
requirements specified herein.

2-30. ELIGIBILITY FOR WELDING. No welding
operator shall be permitted to perform any welding
operat ion in  connect ion with any high pressure or
cryogenic system unti l  a  qualif ied welder’s  identi-
fication card (Figure 2-2) has been issued.

2-31.  LIMITATIONS. A welding operator  who ac-
quired qualif ied status by welding an al loy in any
of the Groups, Paragraph 2-13, will not be required
to take additional examination for alloys in the same
group. Operators shall not be permitted to weld joints
of materials in any group for which qualification has not
been obtained.

2-32. WELDING PROCEDURE SPECIFICATION.
The welding procedure specification will include the
following: welding process,  f i l ler  and weld metal
analysis, preheat treatment, postheat treatment, mec-
hanical properties of test specimen, type of electrode
and flux.

2-33.    PREPARATION OF WELDED JOINTS.

2-34. MATERALS.

2-35.  Base Metal .  The mater ia l  to  be used for  the
welded samples of the qualification tests shall con-
form in nominal composition and mechanical proper-
ties with the materials used in production.

2-36.  Fi l ler  Metal .  The welding rods or  electrodes
s h a l l  c o n f o r m  t o  t h e  k i n d s  o r  t y p e s  w h i c h  a r e
regularly used in production work for  the material
fabricated. 

2-37. Joint Material. The materials and filler metal
fo r  t e s t  j o in t s  sha l l  be  i n  acco rdance  w i th  pa ra -
graphs 2-35 and 2-36, respectively.

2-38. MATERIAL CONFIGURATION. T h e  m a t e r i a l
shal l  be representat ive of  s izes and gages used in
production. Test joints 1, 2, and 3 shall be welded
f r o m  t h e  g r e a t e s t  o u t s i d e  d i a m e t e r  ( r a n g e  1 - 1 / 4
inch thru 10 inches) and the greatest wall thickness
(range 1/4 inch thru 3/4 inch). Test Joints 4 and 5
shall be welded from thickness range 1/8 inch thru
1 inch and 5 inches wide by 6 inches long. The weld,
e i t he r  g roove , bu t t ,  o r  f i l l e t ,  sha l l  be  a long  the
6 inch dimension

2-39. SURVEILLANCE OF THE QUALIFICATION.
All test specimens shall be fabricated under control
of responsible qualified personnel. All testing shall
be done by government-owned or  government-ac-
cepted laboratory facilities.

2-40. MATERIAL GROUPS AND WELDING OPERATORS.

2-41. ALL GROUPS.

2-42. Class I Operators. The qualification tests for
Class  I  Operators  shal l  consis t  of  the welding and
t h e  i n s p e c t i o n  o f  g r o o v e  o r  b u t t  w e l d s  i n  T e s t
Joints 1, 2, and 3.

2-43. C l a s s  I I  O p e r a t o r s . The qual i f icat ion tests
for Class II Operators shall consist of the welding
and the inspection of groove or butt and fillet welds
in Test Joints 4 and 5.

2-44. SPECIMEN JOINTS.

2-45. STANDARD JOINTS. There are two types as
shown in Figure 2-3. One type consists of a groove
or butt weld joint between sections of pipe or tubing
of equal wall thickness. The other type consists of
groove, butt, or fillet weld joint between plates of
equal thickness. Joints for the above types will be
prepared and welded from gage and material  com-
binat ions used in  product ion.  The groove or  but t
j o i n t s  m a y  b e  a  “ V ”  o r  “ U ”  t y p e  j o i n t  a s  s h o w n
in Figure 2-3,  cont ingent  on which is  to  be used
in production.

2-46. ADDITIONAL SPECIMENS. Separate qualifica-
t i o n  t e s t s  a r e  r e q u i r e d  f o r  e a c h  c o m b i n a t i o n  o f
materials and welding precesses.

2-47. THERMAL TREATMENT. Preheating and
postheating of the joint area shall be accomplished
in accordance with the applicable material welding
procedure specification.

2-48. WELDING POSITIONS

2-49.  Joint  No 1,  Pipe,  Overhead Groove or  But t .
T h e  e n t i r e  w e l d  s h a l l  b e  a c c o m p l i s h e d  w i t h  t h e
material  at  or  above the welder’s  eye level .  Two
joints shall be prepared, one for a horizontal posi-
t ion and the other  for  a  vert ical  posi t ion with re-
spect to the longitudinal axis of the joint specimen.
Figure 2-5 shows correct method for preparing test
specimens for this joint.
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Figure 2-3. Fillet Welded Joint
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Figure 2-4. Weld Thru Barrier
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Figure 2-5. Plate Information and Test Specimen Preparation
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2-50.  Joint  No 2,  Pipe,  Through Barr ier ,  Groove
o r  B u t t . The  en t i r e  we ld  sha l l  be  accompl i shed
with joints  located with respect  to  the barr ier  as
shown in Figure 2-4. The weld shall be made with
the welder’s arms extended through the barrier from
the opposi te  s ide of  the joint  locat ion.  Two joints
shall be prepared, one for a horizontal position and
the other for a vertical position with respect to the
longitudinal axis’ of the joint specimen. The joints
shall be secured in a fixed position during welding.
Mirror  and l ight  source may be used as  required.
Figure 2-5 shows correct method for preparing test
specimens for this joint.

2-51. Joint No. 3, Pipe, Below Ground Level, Groove
or Butt. The entire weld shall be accomplished with
the joint  located, i n  a  s i m u l a t e d  t r e n c h ,  a t  l e a s t
6 inches below ground level. Clearance around the
weld area of the joint shall be 12 inches ± 1 inch.
Two joints  shal l  be prepared,  one for  a  horizontal
pos i t i on  and  one  fo r  a  ve r t i c a l  pos i t i on  w i th  r e -
spect to the longitudinal axis of the joint specimen.
The joints shall be secured in a fixed position during
welding.  Mirror  and l ight  source may be used as
required. F i g u r e  2 - 5  s h o w s  c o r r e c t  m e t h o d  f o r
preparing test specimen for this joint.

2-52. Joint No. 4, Plate, Groove or Butt. Two welds
shall be made, one horizontal and the other vertical,
at bench level. Also, one weld shall be made in the
overhead position. Plate information and test speci-
men preparation shown in Figure 2-5.

2-53. Joint No. 5, Plate, Fillet. Two welds shall be
made, o n e  h o r i z o n t a l  a n d  t h e  o t h e r  v e r t i c a l ,  a t
bench level .  Also,  one weld shal l  be made in the
overhead position. Plate information and test speci-
men preparation shown in Figure 2-5.

2-54. SPECIAL APPLICATION. The designs of the
specimens for  qualif icat ion tests  may be modified,
p rov ided  the  mod i f i ed  des igns  a r e  more  d i r ec t ly
applicable to the intended end product and approval
of  them is  obtained from the responsible Quali ty
Control representative. If the joints in the modified
specimen are such as to require less  ski l l  in  weld-
ing than the standard specimens or joints, then the
production work of  the operator  shal l  be similarly
r e s t r i c t ed .

2-55. EXAMINATION  AND TESTS OF WELDED JOINTS.
2-56. NON-DESTRUCTIVE INSPECTION.

2-57. All welded joints representative of critical Or
highly stressed sect ions,  classif ied as such by the
design or  cognizant  engineer  for  materials  welded
in  p roduc t i on  sha l l  be  examined  by  one  o r  more
o f  t h e  f o l l o w i n g  n o n - d e s t r u c t i v e  t e s t  m e t h o d s  a s
designated by the engineer. Inspection standards for
acceptance and rejection of indicated discontinuities
in representative welded samples shall be the same
as establ ished by the design or  cognizant  engineer
and the Quali ty Control  representat ive for  material
welded in production.

Paragraphs 2-50 thru 2-65

2-58. Radiographic Inspection. Welded joints for which
radiographic inspection is specified shall be examined
by standard radiographic procedure and inspected in
accordance with MIL-I-6865. The techniques utilized
shall be 2-% or better sensitivity to reveal a standard
parameter  for  the appropriate  material  thickness.

2-59. Magnetic Particle Inspection. Welded joints of
ferromagnet ic  or  paramagnet ic  mater ials  for  which
Magnetic Part icle Inspection is  specif ied shall  be
inspected by the magnetic  part icle  method as des-
cr ibed in MIL-I-6868 for  surface and sub-surface
discontinuities.

2-60. Penetrant Inspection. Welded joints for which
penetrant inspection is specified shall be inspected
by the method as described in MIL-I-6866 for surface
discontinuities.

2-61.  Ultrasonic  and/or  Eddy Current  Inspect ion.
Welded joints for which ultrasonic and/or eddy cur-
rent  inspect ion is  specif ied shal l  be conducted in
accordance with the specifications stipulated in ANA
Bulletin 143 and Section IV of this technical order.

2-62.  Visual  Inspect ion.  The exposed surfaces  of
welded joints shall be examined for smoothness of
surface, regularity of the weld bead, weld contour
surface cracking, craters, lack of fusion and pene-
tration, undercut and overlap. Visible surface crack-
ing shall be cause for rejection.

2-63. METALLOGRAPHIC INSPECTION.

2-64. Preparation of Specimen and Examination of
Structure. The fillet welded joint as shown in Figure
2-3,  shal l  be sect ioned transverse to the direct ion
of welding and the surface of the section shall be
ground and suitably polished for examination visually
at a magnification from 3 to 10 diameters for weld
characteristics indicated below:

a.  Over-al l  fusion of  weld,  root  penetrat ion,
burn through, and blow holes.

b. Convexity, concavity, and size of bead or
fillet.

c. Undercutting and overlapping.

d. Inclusions.

e .  C r a c k s .

f. Porosi ty.

Evaluation of the above characteristics to be shown
in Figure 2-6, Inspection Report.

2-65.  Requirements .  The weld shal l  be  considered
satisfactory provided there is no evidence of:

a. Inclusions (greater than 2% of weld area).

b .  B l o w h o l e s .
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Figure 2-6. inspection Report (Sheet 1 of 2)
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Figure 2-6. Inspection Report (Sheet 2 of 2)
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Figure 2-7. Guided Bend Test Jig
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c .  B u r n  t h r o u g h  ( i f  e x i s t e n t  m u s t  b e  s a t i s -
factorily repaired).

d. Cracks.

e .  Porosi ty  (greater  than 5% of  weld area) .

f. Undercutting.

2-66. TENSILE TEST.

2-67.  Preparat ion of  Specimen.  Tensi le  tes t  shal l
be prepared in accordance with Federal Test Method
Standard No. 151,  wi th  a  3 /4  inch width  of  tes t
section and with the welded joint transverse to the
long dimension,  and at  the approximate center  of
the tes t  sect ion,  as  indicated in  the sketch of  the
tensile specimen of Figure 2-5. Where tensile speci-
men cannot  readi ly be cut  from pipe,  ent ire  pipe
spec imen  may  be  pu l l ed  a s  shown  in  F igu re  2 -5 .
This  is  only applicable for  pipe 3 inches,  OD, and
smaller. Using this type test eliminated guided-bent
test on these small diameter specimens.

2-68. Tensile tests shall be conducted in accordance
wi th  t he  t e s t  me thods  spec i f i ed  i n  Fede ra l  Tes t
Method Standard No. 151, except that ultimate ten-
si le  s trength only shall  be determined.  At the dis-
c r e t i on  o f  t he  ce r t i fy ing  o f f i ce r ,  duc t i l i t y  t e s t s ,
(elongation & reduction in area) ,  may be ut i l ized.

2-69. Requirement. The weld shal l  be considered
sat isfactory when the fai lure  in  tension occurs  in
t h e  B a s e  M e t a l .  J o i n t s  f a i l i n g  a t  t h e  e d g e  o f  t h e
w e l d  o r  i n  t h e  w e l d  m e t a l  s h a l l  b e  c o n s i d e r e d
sat isfactory only when ul t imate tensi le  s trength is
equal to or greater than the minimum tensile strength
of base metal.

2-70. GUIDED-BEND TEST.

2-71.  Guided-Bend Specimens.  Guided-bend speci-
mens shall be cut according to Figure 2-5.

2-72.  Method.  The specimen shal l  be  bent  in  tes t
jigs that are substantially in accordance with Figure
2 - 7 .  T h e  s i d e  o f  t h e  s p e c i m e n  t o w a r d  t h e  g a p  o f
the j ig determines or  classif ies  the specimen as a
root or face bend. The specimen shall be forced into
the die  by applying a constant  load on the plunger
u n t i l  t h e  c u r v a t u r e  o f  t h e  s p e c i m e n  i s  s u c h  t h a t
a  1 / 8  i n c h  d i a m e t e r  w i r e  c a n n o t  b e  i n s e r t e d  b e -
tween the die and the specimen.

a .  F o r  w a i l  t h i c k n e s s  3 / 8  i n c h  o r  l e s s ,  t h e
s p e c i m e n s  s h a l l  b e  b e n t  i n  t h e  w e l d  1 8 0  d e g r e e s
over a diameter not to exceed four times the thick-
ness  of  the welded sect ion.  The weld shal l  be the
center of the bend.

b. For wall thickness above 3/8 inch, the speci-
mens shall be bent so that the root surface becomes
the convex surface of the bend specimen for a root
bend. The face surface becomes the convex surface
of the bend specimen for a face bend.

2-73. Requirements. In order to pass the test, guided-
bend specimens shall have no cracks or open defects
exceeding 1/8 inch measured in  any direct ion on
the convex surface of  the specimen af ter  bending,
e x c e p t  t h a t  c r a c k s  o c c u r r i n g o n  t h e  c o r n e r s  o f
the specimen during testing shall not be considered,
unless  there is  defini te  evidence that  they resul t
from inclusions,  voids, o r  o the r  i n t e rna l  d i s con -
tinuity .

2-74. QUALITY ASSURANCE PROVISIONS.

2-75. QUALIFICATION AND IDENTIFICATION. If
the Application Form (Figure 2-1) and the Inspection
Report (Figure 2-6) are satisfactory, the authorized
Quality Control personnel shall evaluate an Identi-
fication Card conforming to Figure 2-2, and deliver
i t  t o  t h e  w e l d i n g  o p e r a t o r .  T h e  s i g n a t u r e  o f  t h e
authorized Quality Control personnel, as applicable
on the identification card, shall be considered evi-
dence that  the applicant  has sat isfactori ly fulf i l led
all requirements for the classification noted thereon.
This classif icat ion shall  designate the al loy group
and the welding process used as described in para-
graphs 2-13 thru 2-26.  The welder’s  ident i f icat ion
number will be used in a suitable method of mark-
ing welds made by the operator.

2-76.  This  identif icat ion card shall  be val id only
on work done for the military installation in whose
name it was issued and shall become void 12 months
from the date of the last entry on the reverse side.
I n  t h e  a b s e n c e  o f  t h e  a u t h o r i z e d  d u a l i t y  C o n t r o l
representative signatures and dates shown on the re-
ve r se  s ide  o f  t he  ca rd  sha l l  be  made  by  t he  co -
g n i z a n t  e n g i n e e r  o r  t h e  f o r e m a n  o f  t h e  w e l d e r .

2-77. PROCEDURE SELECTION.. To insure that a
welder qualif ies  on cryogenic systems,  care shal l
be taken to follow closely the procedures set forth
in Sect ion III  of  this  technical  manual .  The pro-
cedures  wil l  instruct  personnel  on the choosing of
correct electrodes for the base material to be welded,
to insure the weld metal  having resis tance to  low
temperature embri t t lement  that  c losely approaches
that of the base metal.
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NOTE
No welds shal l  be made on any material
that is not covered by Section HI of this
technical manual. In event it is necessary
to weld on material other than those cover-
e d  b y  t h i s  t e c h n i c a l  m a n u a l ,  t h e  p r i m e
agency for this technical manual, MOAMA/
MONENB, shall be contacted for coordi-
nation on the procedures and performances
qualifications.

2-78. MAINTENANCE OF STATUS. The qualified
status of an operator shall be maintained by a con-
tinuous production record of satisfactory workman-
ship for production items where welding complexity
is comparable to test specimens in paragraph 2-66.
Evidence of  sat isfactory workmanship shal l  be en-
tered on the reverse s ide of  the ident if icat ion card
w i t h i n  6  m o n t h s  a f t e r  q u a l i f i c a t i o n .  T h e  e l a p s e d
time between reviews of the operator’s workmanship
shall not exceed 6 months.

2-79. REQUALIFICATION. Re-examination will be
required when any change affects the welding pro-
cess or when the operator has discontinued welding
in production for a period of 6 months on the pro-
cess for which operator is qualified.

NOTE

When there is reason to question the pro-
ficiency of the welder or quality of work-
manship by responsible qualified personnel,
r e - examina t i on  w i l l  be  r equ i r ed  o f  t he
operator .

2-80. INTENDED USE. T h i s  t e c h n i c a l  m a n u a l  i s
intended for  use in  ascertaining that  prospect ive
welding ope ra to r s  f o r  h igh  p r e s su re  o r  c ryogen i c
Systems possess a sat isfactory level  of  proficiency

2-81. DEFINITIONS.

a. High Pressure. High pressure as used in this
technical manual is defined as pressures of 500 PSI
and above.

b. Continuous Production Record. Continuous
production record requires a minimum of 16 hours
during each 4-week period after initial qualification.

c .  Cryogenics .  The science which involves
ve ry  l ow  t empe ra tu r e s , usually regarded as below
- 1 5 0 ° F .

d. Cri t ical  or  Highly Stresseu Areas.  This
condit ion exists  where a  safety factor  of  4 or  less
has been designed in the cross sectional weld area
of  product ion materials .  Joints  representat ive of
these cross sectional weld areas shall be examined
as described in Section IV.
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SECTION III

PROCEDURE QUALIFICATION - MATERIALS WELDED.

3-1. GENERAL.

3-2. This section provides information necessary for
a welder to become proficient in the special techniques
r e q u i r e d  f o r  w e l d i n g  o n  h i g h  p r e s s u r e  s y s t e m s .

3-3. This section is divided into parts as follows:

a. GENERAL - giving general background in-
formation.

b. GENERAL WELDING PROCEDURES - giv-
ing  p rocedure s  app ly ing  t o  a l l  we ld ing  me thods .

C. SPECIFIC WELDING PROCEDURES - pro-
vides special  procedures for  the various methods
of welding.

d. QUICK REFERENCE CHART.

e .  S P E C I F I C A T I O N  L I S T  A N D  D E T A I L E D
WELDING PROCEDURES are intended to give quick
cross reference to find methods and details for the
welding of various metals and metal combinations.

f. CERTIFIED WELDING PROCEDURES and
CERTIFICATION OF TEST DATA give the technical
information necessary to make and prove a sat is-
factory weld.

3-4 . To find the necessary data the following pro-
cedure may be followed:

a. The materials to be welded. being known,
reference to the Quick Reference Chart (Figure 3-20)
wil l  indicate the specif icat ions that  may be used.

b. The exact specification that meets require-
ments is selected by referring to the List of Speci-
fications (page 3-50).

c .  R e f e r  t o  D e t a i l e d  W e l d i n g  P r o c e d u r e s
(F igu re  3 -21 )  fo r  f i l l e r  me ta l ,  pa r ag raphs  i n  t he
text  in  which procedures are  descr ibed,  and f igure
numbers  for  correct  qual i f icat ion procedures  and
certification data.

d. Re fe r ence  t o  t he  ce r t i f i ed  qua l i f i c a t i on
procedure figure gives the technical information (heat,
amps, volts, welding speed, etc.) necessary to make
the weld.  The cert i f icat ion of  data sheet  wil l  indi-
cate what the strength of the finished weld should be
if procedures were in accordance with the instruct-
ions in this Technical Order.

3-5. Values given in the certified procedures and
t e s t  da t a  a r e  t hose  u sed  i n  deve lop ing  t he  p ro -
cedures  and are  not  meant  to  be restr ic t ive.  They
are given as a guide for the welder.

3-6. SAFETY. Welders are exposed to many types
of injuries .  Light  rays,  splashing metal ,  poisonous
fumes, gases, and electrical shock can all cause pain-
ful  or  serious injury.  The proximity of  f lammable
substances or hazardous locations provide additional
d a n g e r .  B e c a u s e  o f  t h e  d a n g e r  t o  p e r s o n n e l  a n d
property damage, i t  is  essential  that  safe welding
Practices be observed at all times.

3-7 . PERSONAL SAFETY EQUIPMENT. All welding
personnel, before starting a welding operation, shall
Protect themselves with approved helmets, goggles,
shields, aprons,  gloves,  gauntlets  and other  pro-
tective clothing as required. Eye protection lens in
helmets ,  e tc . , shal l  be of  the shades specif ied in
paragraphs 3-145, 3-209, and 3-244.

3-8. VENTILATION. When natural ventilation is in-
sufficient to prevent accumulation of dangerous gasses
and fumes,  forced venti lat ion shal l  be used.  Local
exhaust ventilation shall be used in confined spaces
and if fumes cannot be kept to safe limits, appropriate
breathing devices shal l  be worn.  When welding in
a missile silo or  other  confined space at  least  15
changes of air an hour shall be provided. Ventilation
for all conditions shall conform to or exceed American
Welding Society standards.

3-9. FIRE HAZARDS. All necessary safety Precau-
t ions shal l  be taken before welding is  begun near
flammable or explosive materials .  Suitable f ire ex-
tinguishers shall be provided, all flammable material
shall be removed, or if removal is impossible, cover
with a fire resistant shield. Wooden floors or other
combustible material shall be protected. Upon com-
pletion of the welding operation a careful inspection
sha l l  be  made  fo r  pos s ib l e  sou rces  o f  po t en t i a l
fire. Before welding is started the possibility of fire
o r  exp los ion  sha l l  be  e l imina ted  by  r emova l  o r
venti lat ion in areas where f lammable or  explosive
g a s e s  a r e  p r e s e n t .  W h e n  a  f i r e  h a z a r d  c a n n o t  b e
eliminated,  the decision to weld shall  be made by
the Fire Marshal and a fully equipped fire guard shall
stand by until welding is completed.
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3-10. Compressed gases. Various types of gases are
used by the Air  Force in welding operat ions.  The
following precautions will cover minimum precautions
in handling compressed gases.

3-11. Gas cylinders shall be stored in approved spaces
only and secured by chains or other suitable means.

3-12. Cylinders permitted inside of buildings shall be
stored a minimum of 20 feet from highly combustible
materials and in locations where they are not liable
to excessive rising temperature, physical damage, or
tampering by unauthorized personnel.

3-13.  Unless  separated by a  minimum Of 20 feet
there shall be a fire resistant partition between the
oxygen cylinders and fuel cylinders.

3-14. Cylinders stored in the open shall be protected
from the weather.

3-15. Suitable equipment shall be used when moving
cylinders .  Sl ings and electromagnets  shal l  not  be
used.

3 - 1 6 .  T r u c k s  o f  s p e c i a l  d e s i g n  s h a l l  b e  u s e d  f o r
transporting cylinders.

3-17. Oxygen equipment shall be kept grease free.

3-18.  Cylinders  shal l  not  be dropped or  handled
roughly.

3-19.  Oxygen and compressed gas cyl inders  shal l
never be used without pressure regulators.

3-20. Oxygen shall not be used for ventilation.

3-21. Cylinders in use shall be secured in an upright
position.

For details of the safe handling of compressed gases
refer to T.O. 42B5-1-2.

3-22. Welding on tanks or other containers. Before
welding on these i tems check to see i f  f lammable
or explosive materials  are or  have been,  contained
therein. If so, they shall be purged or inerted prior
to welding. Sealed containers shall be vented before
and during the welding operation. Flammable liquid
tanks shall be drained, flushed, and steamed, filled
with water if possible and adequately vented before
and during welding.

3-23. Trichloroethelene degreasers shall not be lo-
cated in  the welding area.  (Minimum dis tance 300
feet). Fumes from the degreaser will form phosgene
gas when in  contact  with  the welding torch.  Any
variance from the above shal l  be coordinated with
the medical officer.

3-2

3-24. Plated Materials. When welding plated mater-
ials, cadium, galvanizing, etc, adequate local venti-
l a t i on ,  i . e . , portable f lexible exhaust  duct  with a
minimum of 4000 linear feet base velocity, shall be
provided to remove toxic or poisonous gases. Res-
pirators shall be worn if there is any doubt of ven-
tilation adequacy. Ventilation shall equal or exceed
the requirements of the American Welding Society.

3-25. All safety precautions of AFM 32-3 and AFP
161-2-2 shal l  be fol lowed in welding operat ions.

3-26. PROCEDURES.

3-27. Every welding operation involves numerous fac-
tors  or  variables  which inf luence the propert ies  of
the resulting weld. For this reason, a welding pro-
cedure specification is used to define a given weld-
ing procedure and l imit  the variables involved in
that  procedure.

3-28. All metals cannot be welded without the use
of special materials and supplementary operations in
that some metals, more than others, are susceptible
to alteration caused by heat generated during the weld-
ing process. The application of heat produces a variety
of  s t ructural ,  thermal ,  and mechanical  effects  on
the metal being welded, and on any metal which may
be added in making the weld. Technique of applica-
tion, base metal, and filler metal characteristics are
prerequisites for producing a weld that is metallur-
gically equal to the service for which it is intended.

3-29. The quality of welded joints will be determined
by the specific welding procedure used in production
of the finalweld. Predictable results as to the mechani-
cal properties and soundness of such joints can be
obtained only by adherence to a welding procedure
that has been thoroughly investigated. It cannot be
expected that  good results  wil l  be  obtained,  even
when performed by careful and painstakingpersonnel,
if poor materials or fundamentally improper methods
are used.

3-30. In the welding of a given metal, the properties
and characteristics of the weld metal and of the base
metal in the immediate vicinity of the weld may be
changed by using a different welding process or pro-
cedure. The mechanical properties of the weld metal,
such as tensile strength, yield strength, and ductility
will be determined by the particular process and pro-
cedure that is used.

3-31. Metals used for welded applications consist of
low carbon steel (0.30 percent or less), high carbon
Steels, alloy steels, and non-ferrous metals.
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3-32. Practical experience has provedthat all of these
metals  cannot  be welded with the same degree of
ease. The degree of precaution necessary to obtain
good quality welded joints in high carbon steel, alloy
steels, non-ferrous metals and dissimilar metal com-
binat ions,  varies  widely.  Most  of  these metals  are
considerably more difficult to weld than mild steel.

3-33. When new metals are introduced for a given
service,  the control  of  welding processes and pro-
c e d u r e s  d e m a n d s  m o r e  s u p e r v i s i o n  t o  a s s u r e  t h e
desired engineering results, upon which the success-
ful application of the process depends.

3-34.  If  a  welding procedure specif icat ion is  to be
effective, it must have competent supervision to in-
sure that  a l l  welds made in  accordance with that
specification will possess substantially the same pro-
pert ies .

3-35.  High qual i ty  weld metal  can be obtained in
welded joints  in nearly al l  types of  s teel  and non-
ferrous metals, provided the proper welding process
and procedure are employed.

3-36.  Sample welds  have been made and tes ted to
qualify each welding procedure incorporated in this
manual .  A cert if ied report  of  the physical  test  re-
sul ts ,  with cert i f ied reports  of  the mechanical  pro-
pe r t i e s  and  chemica l  ana ly se s  o f  t he  ba se  me ta l
and weld metal used for each welding test, are in-
cluded in this section.

3-37. Included in these developed precedures are all
s teps necessary to produce a  weldment  which wil l
exhibi t  the opt imum machanical  propert ies  in  the
base metal and weld metal for both similar and dis-
similar metal combinations.

3-38.  Temperatures  specif ied by paragraphs in  this
Technical  Order  may be determined by any of  the
commercially available methods.

3-39. When combined, the following three controls will
insure the production of consistent welds of known
properties :

a . The proper use of the qualified welding pro-
cedures presented in this manual.

b. Qualification of the operator to determine
his ability to deposit sound welds, as required
by Section II of this manual.

c . Supervision and inspection during welding,to
de t e rmine  t ha t  a l l  de t a i l s  o f  t he  p r e sc r ibed
welding procedure specification are performed
on production welding.

3-40. WELDING CONTROL SPECIFICATIONS.

3-41. To obtain satisfactory results during welding,it
is necessary to examine the factors affecting the de-
position of sound weld metal.

3-42. The following factors will govern quality.

a.

b.

c .

d.

e .

f.

g.

h.

i .

j .

k .

l.

Cutting and Edge Preparation.

Cleaning.

Fitting Up and Tack Welding.

General Requirements.

Starting the Arc.

Breaking the Arc.

Arc Blow.

Angle of Electrode

Welding Current.

Travel Speed.

Electrodes and Filler Metals.

Oxy -Acetylene Welding.

Preheating.

Interpass Temperature Control.

Postheat Treatment.

Distortion Control.

Peening.

Conformance to Welding Procedure Speci-

m.

n.

o.

p.

q.

r .
fications.

s .  Engineers  dual i ty  Requirements .

3-43. CUTTING AND EDGE PREPARATION.

3-44.  Edges or  surfaces of  parts  to  be joined by
welding may be prepared by machining,  shearing,
f lame-cut t ing,  or  other  sui table  means.  Regardless
of  which method is  used,  the  resul t ing joint  must
m e e t  t h e  r e q u i r e d  g e o m e t r y ,  a n d  m u s t  p r o v i d e  a
sound, bright, metal surface.

3-45. It is desirable to control the geometry of the
joint  to  minimize any notch condit ion that  might
l e a d  t o  c o n c e n t r a t i o n  o f  s t r e s s .  S h a r p  c o r n e r s ,
o r  s u d d e n  c h a n g e s  i n  s i z e  o r  c o n t o u r  a r e  t o  b e
avoided.
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3-46. CLEANING.

3-47.  Cleanl iness  a long the joint  and on the s ides
of  welding edges is  of  the utmost  importance to
obtain a  sat isfactory weld.  Therefore,  the welding
edges should be free of  oxides,  grease,  oi l ,  scale,
paint, d i r t ,  o r  o t h e r  f o r e i g n  m a t t e r .  P a i n t s  t h a t
contain low-melt ing metals ,  such as  zinc and lead
can cause cracking i f  a l lowed to contaminate  the
weld deposit; foreign material in the joint can cause
low-quali ty welds.  Dir t  and other  foreign material
on the welding edges cause porosity, slag inclusions,
blowholes, incomplete fusion, and oxidation.

3-48. All metal that is to he fused during welding
must be absolutely clean. This is a basic requirement
to obtain sound weld metal in a weld deposit. Clean-
liness is imperative to edges that have been prepared
for welding, to electrodes, and to surrounding equip-
ment such as welding benches, jigs, hold-down de-
vices, etc .  Cleanliness also is  a  requisi te  to f lux
coa t i ng  r ema in ing  on  we ld  me ta l  o r  ba se  me ta l
upon which subsequent weld metal is to be deposited.

3-49. FITTING UP AND TACK WELDING.

3-50. Joint alignment is maintained by use of jigs
a n d  f i x t u r e s  o r  b y  a d e q u a t e  t a c k  w e l d s .  T h e  e x -
ternal support shall be adequate to hold the joint in
place and to ensure that no partially completed joint
is subjected to excessive external tensile or bending
stresses. The external support shall not be so rigid
as to  prevent  normal  weld shrinkage and thereby
bring about such high stresses that cracking of the
weld would result.

3-51. Tack welds, when used for alignment and hold-
ing purposes, shall be properly placed and of suffic-
ient size to support the joint throughout the welding
operation. In addition, the pipe or structure shall be
supported and braced to  prevent  t ransverse move-
ment.

3-52. The spacing between parts to be joined shall
be careful ly considered.  The root  opening between
l ands  o r  we ld ing  edges  fo r  a  g iven  t h i cknes s  o f
material must permit the gap to be bridged without
diff iculty,  yet  shall  be large enough to al low full
penetrat ion of  the weld deposi t .  Specif icat ions for
spacing of the joint in production welding shall be
adhered to rigidly.

3-53. Welding edges of pipe-to-pipe, pipe-to-fittings,
and pipe -to-valve joints shall be aligned as accurately
as is practicable within commercial tolerances on pipe
diameters. Alignment shall provide the most favorable
conditions for the deposition of the root weld deposit,
and shall be preserved during welding. In cases where
ends of  unequal  internal  diameter  are  abut ted,  the
internal misalignment must not exceed a maximum of
1/16-inch at any point for the full length of the joint.

3-4

In event the internal misalignment exceeds 1/16-inch
the Pipe with the smaller internal diameter shall be
trimmed by machining the inside, so that the adjoin-
ing internal  diameters wil l  result  in approximately
the same thickness .  In  no case shal l  t r imming of
the inside diameter  resul t  in  a  wall  thickness less
than the minimum required for service conditions.

3-54. GENERAL REQUIREMENTS.

3-55. In the fabrication of certain metal combinations,
cracking has been observed in the deposited metal.
Cracking during welding usually occurs as the de-
posited metal  solidif ies,  or  is  cooling to interpass
temperature. This phenomenon is associated with the
chemical and metallurgical characteristics of the de-
posited metal, and in general, can be adequately con-
trolled through proper welding procedures and tech-
niques.

3-56. In practically all cases, a short arc length is
desirable. A long arc favors oxidation of elements,
and can affect the mechanical properties of the weld
metal .

3-57. Weaving the electrode during welding should
be carefully controlled. A slight transverse oscillation,
as opposed to a string bead technique, is often help-
ful in avoiding entrapped slag along the welding groove.
However, if the weaving motion is excessive, the molten
pool of metal may not be adequately protected by the
shielding medium at all times. When welding with
covered electrodes,  the width of  the weave shal l
be not over three times the electrode diameter. At
no time shall the welding arc be directed into the
solidified slag. The maximum weave permissible in
inert-gas metal  arc welding is  determined by the
size and shape of the gas cup on the torch, and the
composition of the weld metal.

3-58.  Hot-cracking is  promoted by increasing the
width of the bead, and by decreasing the throat thick-
ness. For example: a wide fillet bead with a concave
face will have a greater tendency to produce longi-
tudinal hot-cracking in the center of the bead than
a narrow, or string bead with a flat or convex face.

3-59. Unnecessarily heavy weld reinforcement on the
face of a butt joint, or sharp change in section thick-
ness between weld and base metals shall be avoided
because of the problems that arise with stress concen-
tra t ion at  the  toe of  the weld.  Since the s t rength
of  the weld of ten exceeds that  of  the base metal ,
re inforcement  can be held to  a  minimum. Overlap
or undercut shall not be present.

Make sure helmet ,  shei ld or  goggles are
in place before striking the arc.
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3-60. STARTING THE ARC. 3-68. BREAKING THE ARC.

3-61. The three basic methods of initiating an inert-
gas, nonconsumable electrode welding arc are:

a . Scratch start

b .  R e t r a c t  s t a r t

c .  High-frequency s tar t .

3-62. The scratch start is used when performing man-
ual welding. The workpiece is scratched lightly with
t h e  e l e c t r o d e ;  a s  s o o n  a s  t h e  a r c  i s  s t r u c k ,  t h e
electrode is withdrawn approximately 1/8-inch above
the workpiece to avoid contaminating the electrode
in the molten puddle.  The arc  may also be s t ruck
on a heavy piece of  copper  at tached to the work-
piece, and then carried to the starting point of the
weld.

3-69. In metal arc welding, when breakingthe welding
arc,  a  crater  wil l  form if  an inadequate  amount  of
molten metal is available to fill the arc plasma cavity.
Arc craters  may be weld defects  because the last
me ta l  t o  so l i d i fy  f r eezes  unde r  a  h igh  deg ree  o f
constraint and contains an accumulation of weld metal
segregates. These conditions can produce hot-cracking
a n d  s u b s e q u e n t  f a i l u r e s .  V a r i o u s  p r o c e d u r e s  a r e
commonly employed to break the arc .  One method
requires that the arc be shortened and the electrode
moved quickly to  the s ide and out  of  the crater .
This method is used in manual welding when elec-
trodes are changed and the weld is to be continued
from the crater.

3-63.  Retract  s tar t ing is  used on mechanized DC
welding applications. The electrode is fed down until
contact is made with the work, and is then retracted
to establish the arc.

3-70. When the arc is re-established in the crater,
it should be struck at the forward end of the crater,
moved backward.over the crater, and then forward
again to continue the weld. The crater is filled when
this procedure is used, and porosity and trapping of
slag are avoided.

3-64. High-frequency starting can be used witheither
DC or AC power supplies on either manual or mechan-
ized application. When AC power is used, the con-
venience of high-frequency starting is a natural by-
product of the high frequency employed to stabilize
the power supply. This method has the advantages
of eliminating the need to touch the workpiece with
the electrode,  and excluding the resul tant  r isk of
contaminating the electrode.

3-71. Arc craters should be carefully filled at the end
of a bead, or pass of weld metal, by holding the elec-
trode stationary a sufficient time to fill the crater,
a n d  t h e n  t h e  e l e c t r o d e  s h o u l d  b e  g r a d u a l l y  a n d
slowly withdrawn. This method is used in manual,
semiautomatic, and automatic welding.

3-72. ARC BLOW.

3-65. The high-frequency starter can be controlled
from a foot switch or a switch mounted on the handle
of the holder. This allows the starter to be cut off
unti l  the operator  is  ready to s tar t  welding.  Using
this switch, the high frequency can be shut off upon
complet ion of  a  weld.  Arc craters  can be properly
filled by using the high frequency to start and stop
the arc intermittently while filling the crater.

3-73. Arc blow is a phenomenon encountered prin-
c i p a l l y  w h e n  w e l d i n g  w i t h  d i r e c t  c u r r e n t .  U n d e r
some conditions it may be encountered with a aleter-
nating current, but to a lesser degree. Direct current
flowing through the electrode and base material sets
up magnetic fields around the electrode, which tend
to deflect the arc from its intended path. Unless the
arc blow is  unusually severe,  correct ive steps wil l
counteract the conditions causing the arc blow. One
or more of  the fol lowing correct ive s teps may be
necessary to control arc blow:

3-66. The foot-operated heat control is also highly
advantageous in avoiding craters. The foot-operated
control  permits  a  gradual  bui ld-up,  and reduct ion
of the welding current. Incorporation of these con-
trols  has proved to be sound engineering pract ice,
in that  greater  safety and more sat isfactory welds
resul t .

a . Use back-stepping procedure on long welds.

3-67.  Str iking the arc  on the base metal  is  to  be
a v o i d e d  i n  a r e a s  w h e r e  s u b s e q u e n t  w e l d i n g  w i l l
not remove the effects of the arc crater.

b. Place ground connections as far as possible
from joints to be’ welded.

c .  I f  back  b low  i s  encoun t e r ed ,  p l ace  t he
ground connection at the start of the weld.

d. If forward blow is encountered, place the
ground connection at the end of the weld.
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e. Wrap the ground or lead cable around the
workpiece and pass  ground current  through i t  in
such a direct ion that  a  magnetic  f ield wil l  be set
up to neutralize the blow.

f. Point  the electrode so that  the arc  force
counteracts the arc blow.

3-74. Severe arc blow shall be controlled to the ex-
tent that weld metal deposited under these conditions
wil l  not  contain excessive defects ,  or  be subject
to subsequent failure.

3-75. ANGLE OF ELECTRODE.

3-76.  The angular  posi t ion of  the electrode to  the
work may determine to a marked degree the quality
o f  t h e  w e l d .  U p o n  t h i s  p o s i t i o n  m a y  d e p e n d  t h e
ease with which the f i l ler  metal  is  deposi ted,  the
freedom from undercutting and slag inclusions, and
the uniformity of fusion and weld contour. Recommend-
ations of electrode manufacturers shall be followed in
all  cases.

3-77.  The lead angle of  the electrode is  the angle
between the joint and the electrode taken in a longitu-
dinal plane; the work angle is the angle between the
electrode and the work taken in a plane normal to
the  j o in t  p l ane .  I nc r ea s ing  t he  l e ad  ang l e  i n  t he
direct ion of welding ordinari ly builds up a bead.
An excessively large work angle may result in under-
cutting.

3-78. When using certain electrodes, such as the low-
hydrogen types, the control of electrode angle, as well
as arc length, is of major importance in maintaining
weld quality.

3-79. WELDING CURRENT.

3-80. Recommended ranges of welding current are
provided by electrode manufacturers. Generally, the
current shall be held as low as possible within the
recommended range, but shall produce proper fusion
and penetration. High welding current is to be used
with caut ion, s i nce  ho t - c r ack ing  may  occu r  a s  a
result  of al loy loss, excessive dilution, or the de-
posi t  shape.

3-81. The welding current, electrode size, mean volt-
age, welding technique, and manner of depositing the
w e l d  m e t a l  s h a l l  b e  s u c h  t h a t  t h e r e  w i l l  b e  n o
undercutting on the side walls of the welding groove
or adjoining base metal. Each bead or layer of de-
posi ted weld metal  shall  blend smoothly and grad-
ually with the base metal.

3-82. TRAVEL SPEED.

3-83.  Travel  speed is  an important  factor  in  arc
welding because of its influence on weld penetration.
A n  i n c r e a s e  i n  w e l d i n g  c u r r e n t  a l o n e  i s  n o t  a n
efficient method of producing penetration. A more
effect ive technique involves an increase in t ravel
speed with  a  commensurate  increase in  current  so
that the electrode and arc dwell on the base metal
ahead of the molten weld metal.

3-84. ELECTRODES AND FILLER METALS.

3-85. Coated shielded-arc type electrodes utilize the
benefi ts  of  chemical  coat ings.  I t  is  by use of  this
type of coating that the arc characteristics, and the
physical  and chemical  propert ies  of  the deposi ted
metal  can be control led.  These coat ings not  only
produce a protecting shield of non-oxidizing or re-
ducing atmospheres around the arc, but also control
fluidity of the metal, penetration, shape of the beads,
physical properties of the deposit, and may control
the composition of the deposit by addition of various
metals and alloys.

3-86. The covered metallic electrode is a precision
tool .  The composit ion of  the core wire is  closely
controlled, and the covering is designed and speci-
f ied to accomplish predetermined results .  Special
attention must be given to the uniformity and con-
centr ici ty  of  the thickness of  the covering.  Care
should be exercised in its use not to break the covering
by careless handling, or bending the electrode to ob-
tain questionable advantages. If an electrode is bent,
i t  wil l  be necessary to discard a large port ion of
that electrode.

3-87.  All  containers  (bundles and boxes)  of  elec-
trodes or f i l ler  metals  shall  be legibly marked on
the outside, showing:

a. The classification and specification number.

b. The manufacturer’s name and trade design-
ation.

3-88.  Provisions shal l  be made to keep electrodes
and filler metals clean and dry. It is good practice
to retain them in the or iginal  shipping containers
until such time as they are to be used. Most covered
electrodes will pick up a sufficient amount of mois-
t u r e  t o  b e  a  s o u r c e  o f  t r o u b l e  d u r i n g  u s e  i f  t h e
covering is exposed to the atmosphere. This may be
remed ied  by  s to r ing  t he  e l ec t rodes  i n  a  hea t ed
cabinet.
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3-89. An identification system shall be established
and maintained which will insure that only the cor-
rect  type of electrode or rods will  be available for
a specific weld. Under no conditions shall an elec-
trode or rod be used if the identification has been des-
troyed, o r  i s  no t  p l a in ly  v i s ib le .  A  we lde r  sha l l
not  carry more than one type of  electrode or  rod
when performing a given welding operation.

3-90. A complete inventory of welding electrodes and
filler metals shall be maintained at all times.

3-91. The weldingprocedure specifications will speci-
fy the type or classification of electrode or filler me-
tal to be used for each weld. It is the responsibility
of the Welding Supervisor to assure that each wel-
der uses the correct type of filler rod.

3-92. OXY-ACETYLENE WELDING.

Devices or attachments facilitating or per-
mitting mixture of air or oxygen with com-
bust ible  gases prior  to consumption ex-
cept at the burner or in a standard torch
or blowpipe shal l  not  be al lowed unless
approved for the purpose.

Use of liquid acetylene is prohibited.

Tests of any piping system or apparatus for
l eaks  sha l l  be  made  w i th  soapy  wa te r .
Use grease free soap. Never use flames to
detect leaks.

Acetylene gas shal l  not  be brought  into
contact with unalloyed copper except in a
blow-pipe or torch.

Never support welding on compressed gas
cylinders or containers.

Never attempt to transfer any gas from one
cylinder to another or to mix gasses in a
cylinder.

Paragraphs 3-89 thru 3-99

All applicable safety precautions included
in this manual shall be followed for OXY-
acetylene welding operations.

3-93. Oxy-acetylene welding shall be performedwith
the torch t ip  pointed forward in the direct ion in
which the weld progresses;  this  method is  cal led
the forehand technique. In general, the forehand tech-
nique is  recommended because i t  provides bet ter
control of the weld puddle, resulting in a smoother
weld.

3-94. Acetylene welding torches shall be lighted with
a- friction lighter. The instructions of the equipment
manufacturer must be observed when adjusting opera-
t ing pressures  at  the regulators  and torch valves
before gases, issuing from the torch tip, are ignited.

3-95. It is characteristic of the oxy-acetylene flame
that a degree of control can be maintained over the
carbon content of the deposited weld metal, and over
the port ion of  the base metal ,  which is  heated to
its melting temperature.

3-96. When the oxy-acetylene torch is used with an
oxidizing flame, a rapid reaction results between the
oxygen and the carbon of  the metal .  Some of  the
carbon is eliminated in the form of carbon monoxide.
T h e  s t e e l  i t s e l f  a n d  o t h e r  c o n s t i t u e n t s  a r e  a l s o
oxidized.  When the torch is  used with an excess-
acetylene flame, carbon is introduced into the weld
puddle.

3-97. The following three types of flame adjustment
are used:

3-98. Neutral Flame. The neutral flame is obtained
most easily by adjustment from an excess-acetylene
flame, which is recognized by the feather extension
of the inner cone. The feather will disappear as the
flow of  oxygen is  increased.  Just  a t  the point  of
feather disappearance, the neutral flame is obtained.

3-99. Carburizing Flame. The practical method of
determining the amount  of  excess  acetylene in  a
flame, when a reducing or carburizing flame is de-
sired, is to compare the length of the feather with
the length of the inner cone, measuring both from
the torch tip. A “two-time” excess-acetylene flame
is composed of an acetylene feather which is double
the length of the inner cone. The welder can produce
the  de s i r ed  ace ty l ene  f ea the r  by  i nc r ea s ing  t he
acetylene f low or by decreasing the oxygen f low.
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3-100. Oxidizing Flame. The oxidizing flame adjust-
ment  is  g iven as  the  amount  by which the  length
of the inner cone is reduced. Starting with the neutral
f lame,  the welder  can increase the oxygen or  de-
c r ea se  t he  ace ty l ene , until the length of the inner
cone is decreased to the desired amount.

3-101. The proper type of flame, with the correct
welding technique, can be used as a shielding medium
which wil l  reduce the oxidizing and ni trogenizing
effect of the atmosphere on the molten metal. Such
a flame also has the effect of stabilizing the molten
weld metal, and preventing the burning out of carbon,
manganese, and other alloying elements.

h. T h e  g r e a t e r  t h e  a l l o y  c o n t e n t  i n  a i r -
hardening steels.

i .  The more the air-hardening capaci ty of
the steel.

j .  The greater the difference in mass between
the two pieces being joined.

3-102. The proper type of flame for any application
is determined by the type of base and filler metal,
the thickness  of  the base metal ,  and the welding
position. For most metals, a neutral flame is used.
An except ion is  the welding of  a luminum, where
oxy-hydrogen is  the preferred method.  When oxy-
acetylene is  u s e d  a  s l ightly carburizing f lame with
a 1/8” to 1/4” feather should be used. For welding
s t a i n l e s s  s t e e l  a  c a r b u r i z i n g  f l a m e  w i t h  a  1 / 1 6 ”
feather should be used.

k. The more complicated the shape of section
of the part.

3-108. Preheating is a very effective means of re-
ducing weld-metal and base metal cracking. It also
improves weldabil i ty general ly,  but  has two major
beneficial effects. It retards the cooling rates in the
weld metal and heat-affected base metal; and it usually
lowers the magnitude of shrinkage stresses.

3-103. The type of flame used, and the welding tech-
nique employed in welding various materials ,  wil l
determine the quality of the weld deposit. Specific
requirements of the welding procedure specifications
(paragraphs 3-242 through 3-271) shall be adhered to
carefully.

3-109. Weld metal shrinkage is reduced by preheating.
Utilization of this often-overlooked fact can mean the
difference between an acceptable or unacceptable weld-
m e n t .  A  p r e h e a t  o f  2 0 0 ° F  t o  6 0 0 ° F  i s  a  p r i m a r y
factor  in the prevention of  cracking in low-alloy
s t ee l s .

3-104. In event a particular welding operation is not
covered by a given welding procedure specification,
t h e  r e c o m m e n d a t i o n s  o f  t h e  m a n u f a c t u r e r  o f  t h e
b a s e  m e t a l  a n d  f i l l e r  m e t a l  m u s t  b e  o b s e r v e d .

3-105. PREHEATING.

3-106.  Preheat ing involves  ra is ing the temperature
o f  t h e  b a s e  m e t a l  o r  a  s e c t i o n  o f  t h e  b a s e  m e t a l
above the ambient temperature before welding. This
may vary from as low as  room temperature (70°F)
when welding low carbon steels, to as high as (60°F)
w h e n  w e l d i n g  h i g h l y  h a r d e n a b l e  s t e e l s .  I n  m a n y
welding operations, the temperature to which the base
metal is heated must be strictly controlled.

3-110. Residual stresses may be produced by over-
heat ing and underheat ing.  Pre-heat ing,  therefore ,
should be carefully controlled. The method of heating
should be such as  to  give uniform heat ing around
the circumference of  the pipe or  s t ructure .  I f  the
ent i re  weldment  is  not  heated,  the band of  metal
heated to the specified temperature should be equal
to at least three times the width of the weld, and the
temperature should dimish gradually outward from the
weld.

3-111. The method of applying heat should be such
that the temperature around the joint is uniform. Torch
h e a t i n g  m a y  p r o d u c e  h i g h  t e m p e r a t u r e  g r a d i e n t s
through the wall and around the circumference of a
pipe,  unless care is  taken to apply heat  uniformly
at the proper rate around the joint.

3 - 1 0 7 .  T h e  n e e d  f o r  p r e h e a t i n g  i n c r e a s e s  a s  t h e
following factors are changed:

a.  The larger the mass being welded.

b.  The lower  the temperature  of  the pieces
being welded.

3-112. The effects of high-temperature gradients are
both metallurgical and mechanical in nature. Metallur-
gical effects involve micro-structural changes. Mec-
hanical  effects  involve thermal  contract ion of  the
weldment which may produce local ized distort ion,
or high residual stress.

c .  T h e  l o w e r  t h e  a t m o s p h e r i c  t e m p e r a t u r e .

d. The smaller the diameter of the weld rod.

3-113.  Recommended preheat ing temperatures  for
each type of material and welding operation are Pre-
sented in paragraph 3-183. These preheat tempera-
tures and the method of applying heat must be care-
fully controlled.
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3-114. INTERPASS TEMPERATURE CONTROL.

3-115.  Interpass  temperature  is  the  temperature  of
the weld metal  just  pr ior  to  deposi t ing the second
and subsequent  passes .  In  mult iple-pass  welding,
the interpass temperature is the preheat temperature
for the ensuing bead. The time interval between beads
controls this temperature.

3-116. In most cases, control of interpass tempera-
ture is  as  important  as  control  of  preheat ing tem-
perature . As  an  example , a  t e s t  p l a t e  p r ehea t ed
to a certain temperature will meet minimum require-
m e n t s .  I f  t h e  s a m e  p r e h e a t  t e m p e r a t u r e  i s  u s e d
on a large structure, and the time between depositing
t h e  s u c c e s s i v e  p a s s e s is  greater  than that  for  the
test  plate ,  the interpass temperature may fal l  be-
low the required minimum preheat temperature, and
a  we lded  j o in t  i n  t he  s t r uc tu r e  may  f a i l  t o  mee t
minimum requirements.

3-117. To insure that the maximum temperature is
not exceeded, and the minimum temperature is main-
tained in production welding, the recommended inter-
pass temperatures for each type of material and weld-
i n g  o p e r a t i o n  a r e  p r e s e n t e d  i n  p a r a g r a p h  3 - 1 8 6 .
Under no conditions should the interpass temperature
be allowed to exceed the specified maximum or fall
below the specified minimum.

3-118. POSTHEAT TREATMENT.

3-119. In general, postheating becomes more necess-
ary as the dimension and thickness and/or hardenabil-
ity of the materials increase. With the less harden-
ab le  ma te r i a l s , postheat ing is  general ly required
only above a certain minimum dimension and thick-
ness,  while  the more hardenable materials  may re-
quire postheat treatment, regardless of physical di-
mension.

3-120. The heating rate of a weldment to the post-
heat  temperature is  es tabl ished by the requirement
of limiting the maximum temperature differential to
150°F through the  th ickness  of  the  mater ia l .  The
maximum rate of cooling from the postheat tempera-
ture is also determined by the same factor.

3-121.  Postheat  t reatment  may be necessary for  a
number  of  reasons,  and may require  nothing more
than control led cool ing to room temperature af ter
welding, or  may require  subsequent  heat  t reatment
to obtain the desired properties in the weld and base
metal. Stress relieving by postheat treatment has been
specified herein for the physical integrity of the weld.
Where s tainless  s teels  are welded that  are suscep-
t ible to stress corrosion and carbide precipi tat ion
deficiencies ,  the Design or  Project  Engineer  shal l
designate  the correct ive post  heat  t reatment  proce-
dures .

3-122. Where postheat treatment is requiredfor apar-
ticular welding operation, the postheat temperature,
and details of the postheat procedure, will be speci-
f ied in the applicable Cert if ied Qualif icat ion Pro-
cedure.

3-123. DISTORTION CONTROL,

-124. Generally speaking, there are two basic means
of controlling distortion:

a . Distribute and balance the forces and stress-
es produced by weld shrinkage by special  welding
techniques and sequences.

b. Forcibly restrain movement of  the parts
being joined by use of suitable j igs and f ixtures.

3-125.  Both of  these  methods a t tempt  to  increase
the plastic flow of the weld metal during the cooling
period.  This  means that  both methods are  subject
to the same possibi l i ty of  cracking the weld metal
if either method is used to an extreme.

3-126. The shrinkage force can be reducedby limiting
to a minimum the amount of weld metal deposited
to meet service requirements. The strength of a joint
is  determined by i ts  design.  No added strength of
a joint is accomplished by the addition of filler metal
in excess of the amount specified by the design;
however, the effective shrinkage force is increased.

3-127. Reduction of heat input is an effective means
of minimizing shrinkage. Minimal shrinkage can also
be accomplished by using lower amperages,  using
small diameter electrodes (or a combination of both),
and torch manipulat ion in oxy-acetylene welding.
Shrinkage can also be minimized by use of correct
welding techniques. Intermittent welding, back-step
welding, or use of the wandering sequence prevents
local  bui ld-up of  heat ;  this  resul ts  in a  reduction
in shrinkage. The shrinkage distortion can be reduced
by placing welds as near as possible to the neutral
axis. The closer to the neutral axis, the less is the
leverage exerted to pull sections out of alignment.

3-128. An effective way to control and reduce dis-
tortion during welding is to restrain the parts forci-
bly. This method can eliminate distortion completely
in certain operations, if the restraint is sufficiently
great . G r e a t e r  r e s t r a i n t ,  h o w e v e r ,  m a y  i n c r e a s e
t h e  m a g n i t u d e  o f  s t r e s s e s  d u r i n g  w e l d i n g .  T h i s
applies  part icular ly to the t ransverse s tress;  hence
the greater tendency to cracking.

3-129. In all welding operations where distortion is
a factor to be avoided, the direction of welding should
be away from the point of restraint. and toward the
point. of maximum freedom.
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3-130. PEENING.

3-131. Peening has been employed with success for
stress-rel ieving purposes.  When properly applied,
it causes plastic flow of the metal, and subsequently
relieves the restraint that originally set up the resi-
dual stresses. Effective peening, however, requires
Considerable judgement. Excessive peening may re-
sult in cold-working and strain-hardening of the mat-
erial, and may set up new residual stresses.

3-132. Manual peening is rarely satisfactory, since
it cannot be controlled properly. A pneumatic chisel
with a blunt, rounded edge is recommended.

3-133. Hot and cold peening of weld metal has re-
sulted in unexpected difficulties in a number of in-
s tances.  Peening in  many cases  has  been ut i l ized
as  an  eas i ly  app l i ed  r emedy  fo r  some  pa r t i cu l a r
condition, such as eliminating cracking, with little
or no forethought given to the eventual consequences
of the operation. Peening has been used to prevent
the appearance of hot cracks in the surface of weld
beads.  This  is  a  deluding and dangerous pract ice,
because cracking has often developed internally in the
b e a d ,  a n d  t h e  p e e n i n g  o n l y  s e r v e s  t o  p r e v e n t  i t s
propagation to the surface.

3-134. When peening is necessary to stress-relieve
weld metal or to control distortion of heavy sections,
it must be properly applied and carefully supervised.

3-135. CONFORMANCE TO WELDING PROCEDURE
SPECIFICATIONS.

3-136. The appearance of a weld does notnecessarily
indicate its quality. If defects exist in a weld, they
may or may not be apparent to visual inspection. A
visual examination of the underside of a weld will
determine whether complete penetration has been ob-
tained, o r  whe the r  exces s ive  g lobu l e s  o f  me ta l ,
burn-through, etc., are present. Oversized and under-
sized welds can be observed readily.  Undercut  or
ove r l ap  a t  t he  s i de s  o f  t he  we lds  can  u sua l l y  be
detected through visual inspection. Other defects,such
as incomplete fusion,  porosi ty,  and cracking may
or may not be externally apparent. Excessive grain
growth,  or  the presence of  hard spots ,  def ini tely
cannot be determined visually. Therefore, the specific
requirements  of  the developed welding procedure
specifications shall be followed carefully to assure
that all details of the welding procedure specifica-
tions are incorporated in the production weld.

3-137. Welds made in accordance with an adequate
joint welding procedure specification, when performed
by competent welding operators, will meet minimum
requirements. Thus, when the results of a given welding
procedure are tested and found satisfactory for a

3-10

given application, all other welds made in accordance
with the same joint welding procedure should be of
acceptable quality.

3-138. The adoption of welding procedure specifi-
cations is a form of standardization. In cases where
a number of welding operators might select differ-
en t  e l ec t rode  s i ze s , and employ different welding
techniques for the same joint, the adoption of a weld-
ing procedure specification results in the use of a
single standard welding procedure by all operators.

3-139. ENGINEERS QUALITY REQUIREMENTS.

3-140. Welds having one or more of the following
defects shall be repaired, or cut out and rewelded:

a . Weld is not reasonably uniform in appear-
ance.

b. Undercutting adjacent to completed weld.

C. Evidence of undercutting removed by grind-
ind and/or polishing.

d. Obvious gas pockets or slag inclusions are
present .

e . Cold laps in deposited weld metal.

f. Evidence of peening (where not authorized).

g. Weld profiles are not within the accepted
tolerances.

h. Ove r l ap  o f  we ld  me ta l  on  ba se  me ta l .

i. Less than 100 percent penetration for the en-
tire length of the weld.

j . Underhang in excess of allowable dimen-
sions on inside of pipe.

k. Unfi l led craters  resul t ing from improper
breaking of the arc.

l. Cracks of any description in weld or base
metal .

m. Evidence of damage to weld or base metal
through oxidation.

n. Depressions in welds below the base metal
surface on either side of the welded joint.

0. Tungsten inclusions.

p. One or more welds do not meet the required
tests .
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3-141. All welding shall be subject to inspections dur-
ing and after completion of the welding operation.
Defects  so discovered shall  be careful ly noted as
to exact location, and shall be corrected by removal
of al l  defective metal  by any suitable mechanical
p roces s , and rewelded.  All  welding performed to
correct  a  defect ive weld deposi t  shal l  be done in
accordance with the applicable welding procedure
specification.

3-142. The approval of the Project Engineer or Weld-
ing Supervisor shall be required before any defective
we lds  a r e  r epa i r ed .  We lds ,  wh ich  i n  t he  op in ion
of the Project Engineer or Welding Supervisor can-
not  be successful ly  repaired,  must  be cut  out  and
rewelded.

3-143. It shall be the responsibility of the Welding
Supervisor  to  ascer tain that  each welder  uses  the
correct  type of  f i l ler  metal  for  the material  being
welded.

3-144. GENERAL WELDING PROCEDURE SPECIFICATIONS.

Al l  s a f e ty  p r ecau t ions ,  pa r ag raphs  3 -6
through 3-9, 3-22 and 3-24 shall be ob-
served when performing arc welding op-
erat ions.

3-145.  Eye protect ion lenses shal l  be as  fol lows:

a .  Fo r  r e s i s t ance  we ld ing ,  c l ea r  l ense s  and
f i l t e r  l e n s e s  u p  t o  a n d  i n c l u d i n g  s h a d e  N o .  2  t o
protect  the eyes from nearby cut t ing and welding
operations.

b. For arc welding f i l ter  lenses shade No.6
when welding with 30 ampres or less, shade No. 8
when cutting or welding with 30 to 75 amperes, shade
No. 10 when using 75 to 200 amperes, shade No. 12
when us ing  200 to  400 amperes  and shade  No.  14

when welding current  i s  greater  than 400 amperes .

3-146.  Fire  resis tant  curtains  or  screens shal l  be
used during arc. welding operations to protect per-
s o n n e l  f r o m  e y e  i n j u r i e s  c a u s e d  b y  i n t e n s e  a r c
flashes and to reduce the fire hazard.

3-147.  Circui ts  on arc  welding equipment  wil l  be
checked only when the circuits are dead. Rotary and
po la r i t y  swi t ches  w i l l  no t  be  ope ra t ed  wh i l e  t he
equipment is under electrical load.

3-148. Arc welding equipment shall be safety inspec-
ted periodically and any necessary repairs made by
a  qua l i f i ed  e l ec t r i c i an . P o w e r  c a b l e s  a n d  e l e c -
trode holders ,  in  part icular ,  shal l  be given careful
inspection for defects that could cause shock.

3-149.  PREPARATION AND WELDING OF PIPE, VALVES,

AND FITTINGS FOR ALL WELDING PROCESSES.

3-150. REQUIREMENTS.

3-151. The procedures outlined in paragraphs 3-152
through 3-207 are the general requirements for pre-
parat ion and welding of  pipe,  valves,  and f i t t ings
for all welding processes. Specific requirements for
manua l  i ne r t - ga s  sh i e lded  t ungs t en  a r c  and  oxy -
acetylene welding are discussed in paragraphs 3-208
through 3-241, and 3-242 through 3-271, respectively.

3-152. PREPARATION OF BASE METAL.

To prevent injury, impact type goggles or
f ace  sh i e ld  sha l l  be  worn  by  pe r sonne l
when engaged in grinding or buffing oper-
ations.

3-153. The edges or surfaces of parts to be joined
by welding shall be prepared by machining, grinding,
cutting with abrasive disc, or other approved mec-
hanical  methods (carbon steels  may be f lame-cut) .
P r io r  t o  we ld ing ,  a l l  edges  o r  su r f aces  sha l l  be
thoroughly cleaned of all oxides, oil, grease, paint,
dirt, or other foreign matter. Surfaces to be welded
shall be free of all residue.

3-154.  Only al loy s teel  or  hardened carbon steel
tools  shal l  be used in cut t ing or  fabricat ing stain-
l e s s  s t e e l s , coppe r -n i cke l ,  n i cke l  a l loys ,  and /o r
nonferrous metals., Grinding wheels to be used for
grinding shal l  be of  alumina oxide or  equal .  Wire
brushes used for  cleaning shal l  be s tainless ,  s teel .
Grinding wheels  and wire  brushes shal l  not  have
been previously used on mater ials  other  than the
material being fabricated.

3-155. BEVELS FOR PIPE, VALVES, AND FITTINGS.

3-156.  Welding edges of  carbon steels ,  s tainless
steels, nickel alloys, and ferrous metals with a wall
thickness of  3/4-inch or  less ,  shal l  be beveled at
a  3 7 - 1 / 2  ( + 2 - 1 / 2  ) - d e g r e e  a n g l e ,  l e a v i n g  a  1 / 1 6
(+1/32)- inch root  face land at  the  bot tom of  the
welding edge (see figures 3-1 and 3-2). Pipe saddle
joints shall be beveled in the same manner as butt
welds.

3-11



Section III T.O. 00-25-224

Figure 3-1. Weldment with Root Opening- 

Hor izontal  At t i tude

Figure 3-3. Weldment with No Root Opening -
Hor izontal  At t i tude

Figure 3-2. Weldment with Root Opening - Vertical Attitude

3-12

Figure 3-4. Weldment with No Root Opening - 
Vert ical  Att i tude
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3-157. Welding edges of aluminum and non-ferrous
metals ,  with a  wall  thickness of  3/4-inch or  less
sha l l  be  beve l ed  a t  a  40  (+5 ,  - 0 ) -deg ree  ang l e ,
leaving a 1/16 (±0-1/32)-inch root face land at the
bot tom of  the welding edge (see f igures  3-3 and
3-4). Pipe saddle joints shall be beveled in the same
manner as butt welds.

3-158.  In  event  operat ing personnel  have a  doubt
at to the nature of the joint or its preparation, the
P ro j ec t  Eng inee r  sha l l  be  consu l t ed  be fo re  p ro -
ceeding with any further preparation or welding of
the joint in question.

3-159. FITTING UP AND TACK WELDING.

3-160.  Pipe-to Pipe,  Pipe-to-Valves,  and Pipe-to-
Fittings.

3-161.  Joints  which require  a  root  opening shal l
have a  separat ion between lands or  welding edges
of 3/32 (±1/32)-inch for the full length of the joint
(see figures 3-1 and 3-2.)

3-162.  Joints  which require  no root  opening shal l
h a v e  t h e  l a n d s  o r  w e l d i n g  e d g e s  b u t t e d  t o g e t h e r
so that the lands are touching and the beveled edges
form a groove. There shall be no clearance between
lands (see figures 3-3 and 3-4).

3 - 1 6 3 .  J o i n t s  w h i c h  r e q u i r e  a  c o n s u m a b l e  i n s e r t
shal l  have the lands or  welding edges but ted t ight
t o  t h e  i n s e r t . Separation between lands and insert
shall not exceed 1/32-inch at any point for the full
length of the joint (see figures 3-5 and 3-6).

3-164.  The ends of  pipe,  f i t t ings,  and valves shal l
be aligned accurately. In no case shall the welding
edges be offset  f rom each other  in  excess  of  1/16
inch, o r  1 / 5  o f  t h e  w a l l  t h i c k n e s s  o f  t h e  l i g h t e r
material at the joint, whichever is less.

3-165. The thickness of lands or welding edges may
be varied to insure complete penetration of the root
weld deposit.

3-166. Slip-on flanges shall have a space from face
of flange to end of pipe for fillet weld equal to thickness
of pipe wall.

3-167. Welding neck flanges shall be fitted up in the
same manner as butt welds.

3-166.  All  parts  to be joined by welding shall  be
securely held incorrectposition by jigs,clamps,clips,
or other suitable devices, or by tack welds. Holding
devices shall be adequate to maintain alignment of all
parts throughout the entire welding operation. Tack
welds shall be of the same quality and made by the
same procedure as  the completed weld or  shal l  be
removed prior to welding at the point where the tack
weld is located.

3-169. Temporary clips, lugs, saddles, etc., welded
to base metals  while  f i t t ing up parts ,  shal l  be of
l ike material ,  using the specif ied welding rods or
electrodes; under no conditions shall dissimilar metals
be used for  this  purpose without  specif ic  approval
of the Project Engineer.

3-170. OTHER WELD JOINTS.

3-171.  Weld joints  not  specif ied shal l  be made as
directed by the Project Engineer.

3-172. REBUILDING JOINTS.

3-173.Welding edges of  joints  shal l  not  be rebuil t
or repaired prior to welding without specific approval
of the Project Engineer.

3-174. FIXED POSITION WELDING.

3-175.  The or ientat ion of  weld joints  with respect
to horizontal and vertical planes of reference shall
be in accordance with Figure 2-3. Welding shall be
accomplished without  pipe rotat ion,  so that  weld
metal is deposited from the overhead,vertical, flat,
and horizontal fixed positions.

3-176. Welding shall be started at the bottom of the
joint  and progress  upward to  the top of  the joint ;
under no conditions shall welding be performed in the
reverse order. The horizontal reference plane is taken
to l ie  always below the weld under considerat ion.
Inclination of axis is measured from the horizontal
reference plane toward the vertical.

3-177. WELDING MACHINES.

To prevent injury to personnel, frames of
all welding machines shall be thoroughly
grounded to prevent electrical shock. All
leads to the electrode, and ground connec-
t ions on the work,  shal l  be of  suff icient
size to carry the electr ical  current  with
a minimum of resistance. Secure electrical
connections shall be maintained between the
machine and the work.
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3-178.  Welding machines shal l  be s tandard equip-
ment AC or DC, designed for continuous operation,
and capable of providing a constant supply of elec-
t r ical  current  suff ic ient  in  amount  and of  proper
voltage to maintain the welding arc in a stabilized
condition throughout the welding operation. Welding
m a c h i n e s  s h a l l  n o t  b e  o p e r a t e d  o v e r  7 0 %  o f  t h e
rated capaci ty  as  indicated on the manufacturer’s
nameplate attached to the welding machine.

3-179. ELECTRICAL CHARACTERISTICS.

3-180. Welding current shall conform with respect
to both vol tage and amperage (and polar i ty ,  when
d i r e c t  c u r r e n t  i s  u s e d )  a s  r e c o m m e n d e d  b y  t h e
manufacturer(s)  of  the base metal  and f i l ler  metal
being used.

3-181. Welding carbon steels, stainless steels,nickel
alloys, and ferrous metals  with  the manual  metal
arc process using covered welding electrodes, shall
be performed using direct current and reverse pol-
arity (electrode positive).

3-182. PREHEATING.

3-183.  When the temperature  of  the  base  metal  i s
less  than 70°F,  the base metal  shal l  be preheated
to a minimum of 70°F (or at least warm to the touch)
for  a  dis tance of  three inches on each s ide of  the
joint before welding is started. Under no conditions
s h a l l  t h e  t e m p e r a t u r e  o f  t h e  b a s e  m e t a l  a n d / o r
weld deposits be allowed to fall below 70°F while
fabricat ion is  in progress or  before the welding is
completed. T h i s  s h a l l  b e  c o n s i d e r e d  a  m i n i m u m
requirement; the preheat treatment for a specific type
of material or a given welding procedure, shall be
as noted in the Certified Qualification Procedure for
each respective welding procedure where required.

3-184. Welding shall not be performed when surfaces
are  wet  f rom rain ,  or  snow; when ra in  or  snow is
falling on the surfaces to be welded; or during periods
of  excessive air  currents  unless  the operator  and
the work are properly protected by suitable shelter.

3-185. INTERPASS TEMPERATURES.

3-186.  Interpass  temperatures  for  s ta inless  s teels ,
copper-nickel, nickel-copper, and nickel alloys shall
not exceed 300oF before the next successive pass of
welding is started. Interpass temperatures for other
ferrous and non-ferrous metals shall not exceed the
maximum preheat temperatures as noted in the Cer-
t i f ied Qualif icat ion Procedure for  each respect ive
welding procedure. Each pass of weld deposit shall
be allowed to cool to the maximum preheat temper-
ature before addit ional  weld metal  is  added.  Weld
deposits shall be allowed to cool by natural means;
use of air, water, or other Liquids for cooling is not
permit ted.

3-14

To prevent damage to the material being
welded, postheating of weld deposits or base
metal  to  s t raighten or  al ign a  weldment
is not permissable.

3-187. SEQUENCE,

3-188. The welding sequence shall be such as to avoid
needless distortion; a back-step or wandering sequence
shall be used where necessary, or when so directed
by the Project Engineer.

3-189. When welding joints of unequal thickness, the
a r c  s h a l l  b e  d i r e c t e d  i n  s u c h  m a n n e r  t h a t  b o t h
pieces being welded are heated to identical  tem-
peratures .

3-190. Multi-Layer Welding.

3-191. When weld joints require multi-layer welding,
star t ing and stopping points  of  successive passes
shall be staggered and each layer shall be not more
than l/8-inch thick; the several layers shall be made
successively,  completing each layer before start-
ing the next.

3-192.  All  f i l let  welds shall  have a leg dimension
not  less  than 1.80 t imes the  wal l  th ickness  of  the
lighter of the two sections being welded, but in no
case shall the throat dimension of the weld be less
than the wall thickness of the lighter of the two sec-
tions being welded. Unless otherwise specified the
faces of fillet welds shall be at equal angles to sec-
tions they join.

3-193. CONTROLS.

3-194. Weld Metal Deposit.

3-195. Welding current, electrode size, meanvoltage,
and manner  of  deposi t ing the weld metal  shal l  be
such that there will be no undercutting on the side-
walls of the welding groove or adjoining base metal.
Each bead or  layer of  deposited weld metal  shal l
be uniform, and shall blend smoothly and gradually
with the base metal. Cracks or defects that appear
in any bead or layer of weld deposit shall be removed
before depositing the next successive bead or layer
of weld metal in that location.
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3-196. Root weld deposits shall have full penetration
for the full length of the joint, and shall be started
midway between tacks;  subsequent  passes  shal l  be
started 1/4 to 1/2-inch on the preceding pass. After
every interruption of the, arc, except at completion of
a pass, the arc shall be restarted ahead of the pre-
vious deposit and then moved back to fill the crater.
This  technique wil l  insure complete  f i l l ing of  the
c r a t e r ; complete  fusion between the new and old
deposits and the base metal at the point of junction;
and complete resultant continuity of weld. Unfilled
arc craters  in  weld deposi ts  are  not  permit ted,  and
will be rejected.

3-197. Before welding over previously depositedweld
metal, all traces of oxides, slag and foreign material
shall be removed from the weld deposit, and the weld
depos i t  and  ad jo in ing  base  me ta l  sha l l  be  w i re -
brushed unt i l  thoroughly clean at  a l l  points .  This
shall  apply not  only to successive layers,  but  also
to  succes s ive  beads  and  t o  t he  ove r l app ing  a r ea
wherever a junction is made when starting anew bead
or  l aye r .  A l l  ma te r i a l s  mus t  be  b r igh t  and  c l ean
thoroughout the welding operation.

3-198. Butt Welds.

3-199. Butt welds shall have one pass for each 1/8-
inch of pipe wall thickness, with a minimum of two
pas se s .

3-200.  But t  welds  and
with inside of  pipe.  In
possible,  the fol lowing
are allowed :

saddle welds shal l  be f lush
cases where grinding is not
even underhang dimensions

Pipe Size Maximum Protrusion

Up to 2 inch 1/32-inch
2-1/2-inch and over 1/16-inch

3-201. Butt welds shall have a finished bead width
approximately 1/16-inch on each side of the bevel.
Under  no condit ions are  wide welds to  be used to
cover poor fit-up.

3-202. Reinforcements.

3-203. Reinforcement of butt welds shall be not less
than 1/16-inch, nor more than 3/32-inch above the
surface of  the base mater ial .  Reinforcement  shal l
be built up uniformly from the surface of the base
mater ia l  to  a  maximum at  the center  of  the weld,
and shall blend smoothly and gradually with the base
material .  Finished weld contours  shal l  be uniform
and free from depressions below the surface of the
base material .

3-204. Post-Weld Inspection.

3-205. Appearance of completed welds shall be rea-
sonably smooth and uniform, and free from surface
defects .  All  s lag,  weld spatter ,  metal  ejected from
the arc, and foreign matter shall be removed from
surfaces of weld deposits and adjoiningbase materials.
Completed fabrication shall have bright, clean, sur-
faces.

3-206. Peening. Peening of weld metal and/or base
metal  is  not  permit ted except  when so specif ied.

3-207. Radiographic Examination. Welds which re-
quire radiographic examination shall have the outside
and inside weld ripples or surface irregularities re-
moved (where possible) by any suitable mechanical
p roces s . Removal  of  i rregulari t ies  shal l  be such
that  the resul t ing radiographic contrast  due to  any
remaining irregularities, cannot mask or be confused
With that of any objectionable defect. Also, the weld
surfaces shal l  merge smoothly into the base metal
surfaces; the finished surface of the reinforcement
shall have a uniform crown not to exceed that of the
specified dimension.

3-208.    INERT GAS SHIELDED TUNGSTEN ARC
WELDING PROCESS.

All safety precautions paragraphs 3-6
through 3-23 and 3-146 thru 3-148 shall
be observed when performing Inert-Gas
Shielded Tungsten arc welding.

3-209. Eye protection lenses for this type of welding
shall be:

a .  Shade No.  6  when welding wi th  up to  30
a m p e r e s .

b. Shade No. 8 when welding with 30 to 75
a m p e r e s .

c. Shade No. 10 for welding with 75 to 200
a m p e r e s .

d. Shade No. 12 when welding with 200 to
400 amperes.

e. Shade No. 14 when the welding operation
requires over 400 amperes.
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3-210. REQUIREMENTS.

3-211. WELDING TORCHES.

3-212. Inert-gas shielded tungsten arc welding tor-
ches shal l  be the s tandard water-cooled type.  The
size and capacity of torches shall be as recommended
b y  t h e  e q u i p m e n t  m a n u f a c t u r e r  f o r  t h e  e l e c t r i c a l
Current and size of tungsten electrode being used.

3-213. TUNGSTEN ELECTRODES.

3-214. Tungsten electrodes shall conform to American
Society for  Test ing Materials  (ASTM) designation
B297-55T, Classification EWTH-2, approximatelytwo
percent thoriated.

3-215. Preparation of Electrode.

3-216.  Tungsten electrodes  used for  the  iner t -gas
s h i e l d e d  t u n g s t e n  a r c  p r o c e s s  s h a l l  h a v e  a  l o n g
t ape r  and  rounded  po in t  t o  l e s sen  t he  pos s ib i l i t y
of  the point  breaking off ,  burning,  or  fusing,  and
causing tungsten inclusions in the welds.

3-217. INERT GAS.

3-218. Inert gas for shielding and for purging shall
be argon gas welding grade, or helium XX charcoal
purified, or a mixture of the two. Argon and helium
shall be tested for moisture with a dew-point tester
before being used.  When moisture  is  present ,  the
gas shal l  not  be used for  welding or  purging.  NO

oxygen content is permissible.

3-219. CONSUMABLE INSERTS.

3-220. The material of the insert shall be compatible
w i t h  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  b a s e  m e t a l
and other conditions of intended use. Inserts must be
approved for use by the Project Engineer.

3-221. PURGING.

To prevent injury to personnel, the immed-
iate area in,  which welding is  being per-
formed when using argon or  hel ium gas
shall be adequately ventilated. If adequate
ventilation cannot be provided, personnel
pe r fo rming  t he  we ld ing  ope ra t i on  sha l l
wear breathing apparatus of a type approv-
ed by Ground Safety and Industrial Hygiene
and the Welding Supervisor.

3-222. Joints to be welded with the inert gas shielded
t u n g s t e n  a r c  p r o c e s s  s h a l l  h a v e  t h e  w e l d  j o i n t
root protected by a shielding or purging atmosphere
of  iner t  gas ,  using a  sui table  purging at tachment
which will maintain the purging gas for a distance
of six to ten inches on each side of the joint. The
methods used for purging piping and/or systems shall
be approved by the Project Engineer.

3-223. Pipe shall be purged before welding is started,
and purging shall be maintained throughout the entire
welding operation. When conditions permit, the pur-
ging gas should be introduced at  the lowest  point
in the pipe or system andvented out at the high points.
Oxidation of weld deposits and/or base metal is not
permit ted.

3-224. STARTING THE ARC.

3-225. Whenever possible, the arc shall be started
by a high-frequency arc starter attachment. The high-
frequency current  shal l  be suff ic ient  to  s tar t  the
arc without touching the electrode to the workpiece.
If the high-frequency arc starter is not available, a
copper s tar t ing pad f i rmly at tached to the work-
piece adjacent to the weld joint may be used. The
electrode may be struck on the copper pad to start
the arc, and the arc can then be moved to the weld
zone.  Under  no condi t ions shal l  the arc  be s t ruck
o n  t h e  s u r f a c e  o f  t h e  b a s e  m e t a l  o u t s i d e  o f  t h e
weld joint.

3-226. BREAKING THE ARC.

3-227.  The preferred method for  breaking the  arc
sha l l  be  t o  ex t i ngu i sh  t he  a r c  by  u se  o f  a  f oo t -
operated current  control  to  decrease the welding
current  gradual ly unt i l  the arc wil l  t ravel  without
fusing the base metal. If the foot -operated current
control is not available, the rate of travel shall be
increased to a  speed at  which the arc wil l  t ravel
without fusing the base metal, and the arc can then
be broken.

3-228. ELECTRICAL CHARACTERISTICS.

3-229.  Welding of  carbon steels ,  s tainless  s teels ,
nickel alloys, and ferrous metals shall be performed
using direct current and straight polarity (electrode
negative).

3-230. Welding of aluminum shall be performed using
alternating current with superimposed high frequency.
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Figure 3-5.  Weldment with Consumable Insert - Figure 3-7.  Weldment of Thirty-six Percent Nickel Low -
Horizontal Attitude Expansion Alloy - Horizontal Attitude

Figure 3-6. Weldment with Consumable Insert
Vertical Attitude

Figure 3-8. Weldment of Thirty-six Percent Nickel Low-
Expansion Alloy - Vertical Attitude
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3-231. FIRST PASS WITH ROOT OPENING. (Figures
3-1 and 3-2).

3-232. The first welding pass shall be performed by
adding filler metal as required to bridge the opening
and weld the two lands together .  The f i l ler  metal
shall be deposited in such a manner that the two edges
being joined and the filler metal flow together until
one cont inuous piece of  sound,  homogenous metal
is formed when the molten metal has solidified. No
fi l ler  metal  shall  be added unti l  the base metal  is
in a molten state.

3-233.  FIRST PASS WITH NO ROOT OPENING.
(Figures 3-3 and 3-4).

3-234.  The f i rs t  welding pass  shal l  be performed
using the fusion method with no filler metal added.
Fusion welding shall be such that the molten metal
from the two edges being joined will flow together
until one continuous piece of sound, homogenous metal
i s  f o rmed  when  t he  mo l t en  me ta l  ha s  so l i d i f i ed .

3-235. FIRST PASS WITH CONSUMABLE INSERT.
(Figures 3-5 and 3-6).

3-236.  The f i rs t  welding pass  shal l  be performed
using the fusion method with no filler metal added.
Fusion welding of  the consumable insert  shal l  be
such that the molten metal from the insert and the
two edges being joined shall flow together until one
continuous piece of sound, homogenous metal is formed
when the molten metal has solidified.

3-237. The welding technique and manner of depositing
the root weld shall be such as to insure full pene-
tration for the full length of the joint. The weld metal
depos i t  sha l l  be  un i fo rm and  f r ee  o f  a l l  de f ec t s .

3-238. After the first welding pass is completed, the
subsequent passes shall be deposited by adding filler
metal as required to complete the weld joint.

3-239. CONTROLS.

3-240.  Weaving of  the electrode shal l  be careful ly
controlled so that the molten pool of metal is adequately
p ro t ec t ed  by  t he  sh i e ld ing  gas  a t  a l l  t imes .  T O

prevent oxidation of the weld surface, the welding
torch shal l  be held at  an angle which wil l  direct
t he  i ne r t -ga s  f l ow  ove r  t he  depos i t ed  me ta l  a s  i t
cools from red to a black heat indication.

3-241.  The hot  f i l ler  rod shal l  not  be withdrawn
from the shielding inert-gas atmosphere while weld-
ing is  in  progress  or  before the welding rod has
cooled sufficiently to prevent oxidation of the rod.
When there is  evidence of  oxidat ion on a welding
rod, the rod shall be trimmed or cut back to dispose
of all oxidized material. This may be accomplished
b y  u s i n g  a  w i r e - c u t t e r  o r  o t h e r  s u i t a b l e  m e a n s .
Oxidized materials shall not be introduced into the
weldmelt.

3-242. MANUAL OXY-ACETYLENE WELDING PROCESS.

3-243. SAFETY.

All safety precautions, paragraphs 3-6 thru
3-23, shall be observed when doing manual
oxy-accetylene welding Refer  to  T.O.
42B5-1-2 for details of safety precautions
i n  u s i n g  a n d  h a n d l i n g  c o m p r e s s e d  g a s
cylinders.

3-244. Eye protection for Oxy-Accetylene welding and
cutting operations shall be as follows:

a. Shade No. 5 filter lens for light gas cutting
and welding.

b.  Shade No.  6  for  medium gas  cut t ing and
welding.

c . Shade No. 8 for heavy gas welding.

3-245. To minimize the danger of fire and serious
painful burns, extreme care shal l  be exercised in
Oxy-Acetylene welding and cutting operations. The
flame shall always be kept within the welder’s field
of vision and shal l  not  be al lowed to contact  any
part of the welding equipment.

3-246.  When not  in  use ,  the  torch shal l  be  ext in-
guished and its control valves turned off. When the
torch is out of use for an extended period of time
the tank valves shall be shut off. The lighted torch
s h a l l  n o t  b e  p o i n t e d  a t  c o n c r e t e  s u r f a c e s .  W h e n
flashback occurs, both torch valves shall be immed-
iately closed. If a hose bursts, or escaping gas ig-
nites at the tank, regulator controls will be turned
off at once.
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3-247.  Torch valves ,  hose,  e tc . ,  shal l  be inspected
prior to use.

3-248. REQUIREMENTS.

3-249. The procedures outlined in paragraphs 3-250
through 3-271 are those for welding carbon steel pipe,
using the oxy-acetylene method. To obtain optimum
results, these procedures shall be adhered to without
deviations except as permitted by the Design Engineer.

3-250. WELDING EQUIPMENT.

3-251.  Oxy-acetylene torches,  t ips ,  regulators ,  and
associated equipment shall be of standard manufac-
ture, and shall be suitable for the conditions of the
intended use. Oxy-acetylene equipment shall be app-
roved by the Project Engineer. Equipment found to
be  de f ec t i ve  sha l l  no t  be  u sed  fo r  any  pu rpose .

3-252.  Oxy-acetylene torches,  t ips  and regulators
are used to form and control the welding flame and
to apply a suitable flame at a predetermined location.

3-253. There shall always be a logical relationship
between the sizes of welding tips and the metal thick-
nesses .  This  relat ionship has been determined by
practical applications. The thickness of steel which
is to be welded is plotted against the tip size, and
the  t i p  s i z e s  a r e  de t e rmined  by  t he  d i ame te r  o f
the orifice.

3-254. When a series of welding tips are selected for
various thicknesses  of  metal ,  the thickness  range
covered by a given t ip should sl ightly overlap the
range covered by the next tip in the series.

3-255. Recommendations of the manufacturer of the
equipment shall be followed in all cases.

3-256. TECHNIQUES.

To  p reven t  i n ju ry  t o  pe r sonne l ,  a l l  ga s
cylinders (oxy-acetylene) etc; shall be se-
cured in an upright position; under no con-
ditions shall cylinders be used while placed
in a position other than upright. All connect-
ions to tank valves, regulators, hoses, and
torches shal l  be made up t ight  and free
from leaks.

Paragraphs 3-247 thru 3-263

3-257. When performing oxy-acetylene welding, there
is an ever-present problem of maintaining the neutral
character of the gas shield. This demands accurate
proportioning of oxygen and acetylene during mixing
i n  o r d e r  t o  a v o i d  a n  e x c e s s  o f  o n e  o r  t h e  o t h e r .
Excess oxygen leads to weld porosity; excess acety-
lene promotes reducing (carburizing) conditions re-
sul t ing in  carbon bui ld-up in  the weld zone.  The
a d d e d  c a r b o n  f r o m  a  r e d u c i n g  f l a m e  m a y  r e s u l t
in a total content in excess of that which was original-
ly intended. Carbon pickup increases the hardening
characteristics of the materials.

3-258. The chemical action of the flame on a molten
pool of metal can be altered by changing the ratio
of the volume of oxygen to acetylene issuing from
the tip.

3-259.  The length of  the f lame wil l  vary with the
volume of gases issuing from the tip; the inner cone
wil l  at tain a  length of  approximately one inch for
large flames. The action of the oxy-acetylene flame
on the base material being heated can be made soft,
or harsh and violent, by varying the gas flow. Prac-
tical limitations shall govern the types of flame to
be used. A harsh or oxidizing flame will cause the
molten metal to be blown from the weld puddle, and
an  exces s ive ly  so f t  f l ame  i s  no t  s t ab l e  nea r  t he
point of application.

3-260. Compared to fusion methods employing the
electric arc as the heat source, oxy-acetylene weld-
ing is slower. The flame temperature is lower, and
the product ion of  heat  is  less  concentrated.  While
the heating effect reaches a maximum at the inner
cone of  the  f lame,  the  Surrounding volume of  hot
burning gas spreads into the adjacent metal, and re-
sults  in elevated temperatures over relat ively wide
areas adjacent to the point of fusion.

3-261. Oxy-acetylene welding shall be performed with
torch tip pointed forward in the direction in which
the welding progresses .  This  method is  known as
the forehand technique, and shall be used at all times.
Incl inat ion of  the torch shal l  be sixty to seventy
five degrees to the line of the joint being welded.

3-262. Pointing the torch tip in the direction to be
followed along the line of the joint places the edges
to be joined under protection of the gas atmosphere,
and also serves as a preheating agent. This positioning
speeds up the cooling rate of the weld zone behind
the torch tip.

3-263. In manual operation, the torch shall be mani-
pulated so as to bring the inner cone of the flame
to the base metal, and provide maximum heating at
the point of intended fusion.
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Figure 3-9. Weldment of Thirty-six Percent Nickel Low-Ex-
pansion Alloy with Consumable Insert - Horizontal Attitude

Figure 3-11. Edge Preparation, Grade B Nickel-Lined Pipe

Figure 3-10. Weldment of Thirty-six Percent Nickel Low- Ex-
pansion Al loy wi th Consumable Insert-Vert ical  At t i tude Figure 3-12. Weldment of Grade B Nickel-Lined Pipe -

Hor izontal  At t i tude
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3-264. When welding joints of unequal thicknesses, the
w e l d i n g  f l a m e  s h a l l  b e  d i r e c t e d  i n  s u c h  m a n n e r
that both pieces being welded are heated to identical
temperatures .

3-265. Weld metal shall be deposited in such manner
that the molten metal from the two edges to be joined
and the filler metal being added, shall flow together
until one continuous piece of metal is formed when
the molten metal has solidified.

3-266. WELDING FLAME.

3-267. The welding flame to be used for a specific
welding operat ion shal l  be as  recommended by the
manufacturer of the base metal and filler metal being
used.

3-268. The welding flame for carbon steel shall be
properly adjusted to a neutral flame (approximately
a  one - to -one  ga s  r a t i o )  and  sha l l  r ema in  i n  t ha t
condition throughout the welding operation; under no
conditions shall an oxidizing flame be used.

3-269. The size of the welding tip shall be adequate
to maintain the proper  welding temperature  in  the
base metal, and obtain a continuity of weld deposit
without interruption of the welding operation.

3-270. POSTHEAT TREATMENT.

Pos thea t i ng  sha l l  be  pe r fo rmed  on ly  a s
described in paragraph 3-271. To prevent
damage to the material being welded, post-
hea t i ng  o f  we ld  depos i t s  o r  ba se  me ta l
to s t raighten or  al ign a  weldment  is  not
permissible.

3-271. After welding of the joint is completed, the
weld deposit and adjoining base metal shall be heated
for  a  dis tance of  three inches on each s ide of  the
joint  to  a  maximum of  300°F,  and al lowed to cool
in still air.

3-272. THIRTY-SIX PERCENT NICKEL-LOW-EXPANSION
ALLOY WELDING PROCEDURE.

All safety precautions previously given for
arc welding and for handling of gas shall
be followed when welding 36% nickel.

3-273. REQUIREMENTS.

3-274. Welding 36% nickel low-expansion alloy, using
the manual inert-gas shielded tungsten arc process
alone, or combined with the manual metal arc pro-
cess, shall be performed in accordance with the speci-
fic requirements of paragraphs 3-275 through 3-301
and the  general  requirements  of  paragraphs 3-144
through 3-241.

3-275. MATERIAL CHARACTERISTICS.

3-276. The austenitic alloys of the iron-nickel type
provide a wide range of special ized thermal,  elec-
tr ical ,  mechanical ,  magnetic ,  and other  propert ies .

3-277. This alloy has been used for years in appli-
cations requiring maximum low expansion, or those
requir ing specif ic  expansion character is t ics .  How-
ever,  i t  has only been recently that  this  material
h a s  b e e n  i n t r o d u c e d  t o  h e a v y  i n d u s t r y  a n d  s u c h
usages as are applicable to this manual.

3-278. No significant metallurgical change occurs in
the heat-affected zone during welding. A slight amount
of  grain may be evidenced across  a  narrow band,
but no other change occurs.

3-279. The fluidity of molten 36% nickellow-expansion
alloy is less than that of steel. Consequently, closely
maintained control of the molten base metal and filler
metal is required during the welding operation. Pre-
paration of the bevels and fitting up of parts shall
be in  accordance with  Figures  3-7 through 3-10,
as applicable.

3-280. To acquaint the operator with 36% nickel low-
expansion alloy, and consequently facilitate the welding
process,  information regarding composi t ion,  mech-
anical properties; expansion, and the melting point
are  provided in  paragraphs 3-279 through 3-285.

3-281. Material Composition. The following presents
a typical chemical composition of 36% nickel low-
expansion alloy:

Material

Carbon
Manganese
Silicon
Nickel and Cobalt
Iron

Percentage

0.12 (Max)
1.00
0.35 (Max)

36.00
Remainder
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3-282. Mechanical Properties. The following presents
typical annealed and cold-drawn mechanical properties
of 36% nickel low-expansion alloy:

Mechanical Properties Annealed Cold-Drawn

Tensile Strength 65,000 psi 90,000 psi
Yield Point 40,000 psi 70,000 psi
Reduction of Area 65% 60%
Elongation in 2 Inches 35% 20%
Hardness (Brinell) 125 105
Hardness (Rockwell) B-70 B-90

3-283. Expansion, The expansion rate of 36% nickel
low-expansion alloy is approximately 1/10 of that for
ordinary carbon steel (containing approximately 3/10%.
carbon) but this expansion rate is present only through
the temperature range of  -100°F to approximately
375°F.  Above 375°F,  the expansion rate  increases
rapidly, and above .530°F, the expansion rate is equal
t o  t h a t  o f  c a r b o n  s t e e l ;  t h i s  i s  k n o w n  a s  t h e  i n -
flection point. At approximately 850°F, the expansion
r a t e  e x c e e d s  t h a t  o f  c a r b o n  s t e e l ;  h o w e v e r ,  t h e
total  expansion from - 1 0 0 o F  to  any  g iven  h ighe r
temperature wil l  be less  than the total  expansion
for carbon steel.

3-284. Magnetic Inversion. Magnetic inversion of 36% 
n i cke l  l ow-expans ion  a l l oy  occu r s  a t  530°F ;  t he
a l l oy  i s  magne t i c  a t  l e s se r  t empera tu re s ,  and  i s
non-magnet ic  a t  greater  temperatures .  Resul tant ly ,
t he  a l l oy  i s  a lways  magne t i c  i n  t he  t empe ra tu r e
range in which it exhibits the low-expansion charac-
t e r i s t i c s .

3-285. Melting Point. The melting point of this alloy
is  2600°F.  At  1000°F,  the al loy exhibi ts  the f i rs t
indication of softening; the softening continues pro-
gressively to 2300°F. Gram growth does not occur
until the temperature exceeds 1900°F.

3-286. Fusion Method. Due to the inherent charac-
teristic of the alloy, fusion welding without the addit-
ion of f i l ler  metal  may cause excessive porosity,
and should be avoided.

3-287. Filler Metal.

3-288. Inasmuch as this  al loy has only recently
been introduced to heavy industrial applicaions; Mil-
i tary Specificat ions,  Federal  Standards,  or  ASTM
Specifications are not available at this time for the
f i l l e r  m e t a l  t o  b e  u s e d  w h e n  p e r f o r m i n g  m a n u a l
inert-gas shielded tungsten-arc welding.

3-289. A weld wire, containing the following chemicals.
(in the proportions noted) is commercially available,
and is acceptable for use as a filler metal.

Chemical Percentage

Carbon 0.10
Manganese 3.29
Silicon 0.09
Sulphur 0.012
Phosphorous 0.003
Nickel 36.19
Molybdenum 0.05
Titanium 0.94
Lead 0.001
Iron Remainder

3-290 TEMPERATURE CONTROL.

3-291.  In al l  welding processes described in this
manual involving this alloy, the operator must recog-
nize that  the expansivi ty of  the base metal  is  de-
pendent upon the temperature range during the weld-
ment .  Control  of  the  maximum temperature  is  of
t h e  u t m o s t  i m p o r t a n c e  i n  t h a t  i t  e s t a b l i s h e s  t h e
upper temperature limits at which inflection occurs,
and the temperature of the base metal at the weld
zone.

3-292. Cooling Procedures. The method of cooling
utilized during a welding procedure can provide an
effective means of controlling alloy expansion. Rapid
cooling decreases the rate of expansion; slow cooling
has the reverse effect. The 36% nickel low -expansion
alloy may be air-cooled or  water-quenched to in-
terpass temperature,  provided the specif ic  cooling
procedure is approved by the Project Engineer, and
that all traces of moisture are removed before addit-
ional metal is added.

3-293. Interpass Temperatures.

3-294. Interpass temperatures of the weld metal shall
be such that expansion and contraction of the weld-
ment  shal l  be held to  a  minimm to prevent  high
stresses that may cause weld cracks or subsequent
fai lures.

3-295. To avoid excessive or residual stresses, the
interpass  temperature  shal l  not  exceed 250°F,  nor
be less than 70°F while fabrication is in progress,
or before the weldment is completed. Each pass of
weld deposit shall be allowed to cool to 300’F be-
fore the next successive pass of welding is started.
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Figure 3-13. Weldment of Grade B Nickel-Lined Pipe-
V e r t i c a l  A t t i t u d e

Figure 3-14. Weldment of Grade B Nickel-Lined Pipe with
C o n s u m a b l e  I n s e r t  -  H o r i z o n t a l  A t t i t u d e

Figure 3-15. Weldment of Grade B Nickel-Lined Pipe with
C o n s u m a b l e  I n s e r t  -  V e r t i c a l  A t t i t u d e

Figure 3-16. Weldment of Grade B Nickel-Lined Pipe to
Dissimilar Metal - Horizontal Attitude
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Figure 3-17. Weldment of Grade B Nickel-Lined Pipe to
Dissimilar Metal - Vertical Attitude

Figure 3-18.  Weldment of Grade B Nickel-Lined Pipe to Dis-
s i m i l a r  M e t a l  w i t h  C o n s u m a b l e  I n s e r t  -  H o r i z o n t a l  A t t i t u d e

3-24

Figure 3-19.  Weldment of Grade B Nickel-Lined Pipe to Dis-
similar  Metal  with Consumable Insert  -  Vert ical  Att i tude
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Figure 3-20. Material(s) /Specification(s) Quick-
Reference Chart
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3-296. WELDING 36 PERCENT NICKEL LOW-EX-
PANSION ALLOY TO DISSIMILAR METALS.

All safety precautions previously given for
a r c  we ld ing  and  hand l ing  o f  ga s  sha l l
be complied with in this process.

3-297. In the process of joining this alloy to a mat-
erial having high-expansivity characteristics (such as
the 300-series stainless steels) the relative movement
between parts, which occurs with change of tempera-
ture, will cause a high degree of differential dimen-
sional change.

3-298. Jigs, fixtures, and external supports shall be
placed and aff ixed in  such a  manner  that  normal
m o v e m e n t  o f  t h e  p a r t s  b e i n g  j o i n e d  s h a l l  n o t  b e
restr icted;  thereby creat ing excessive or  residual
s t r e s s e s  i n  t h e  b a s e  m e t a l s  a n d  t h e  w e l d  m e t a l .

3-299. Welding 36% low-expansion alloy to itself and
to dissimilar metals is a highly specialized operation,
requiring strick adherence to the data provided in the
respective Qualification Procedures (see figures 3-146
to 3-161, as applicable). This data shall be observed
and utilized to the extent that all requirements of the
applicable procedures are incorporated in the com-
pleted welds. No deviations shall be permitted without
specific approval of the Project Engineer.

To prevent injury, impact-type goggles or
f ace  sh i e ld  sha l l  be  worn  by  pe r sonne l
when engaged in grinding and buffing opera-
tions.

3-300. GRINDING.

3-301. Grinding wheels shall be silicon carbide, or
equal. A soft wheel, which will wear without undue
loading of the stone, is preferred for rough grinding;
the f inish grinding wheel  should be approximately
No. 80 grit. Wire brushes used for cleaning shall be
stainless  s teel .  Grinding wheels  and wire brushes
shall not have been previously used on other mater-
ials. 

3-302. GRADE B NICKEL-LINED PIPE.

All safety precautions previously given for
arc welding and handling of gas shall be
followed when welding grade B nickel-lined
pipe.

3-26

3-303. REQUIREMENTS.

3-304. Welding Grade B nickel-lined pipe, using the
manual  metal  arc  process  alone,  or  combined with
the manual inert-gas shielded tungsten arc process,
shall be performed in accordance with the specific
requirements of paragraphs 3-305 through 3-311 and
the general requirements of paragraphs 3-144 through
3-241.

3-305. EDGE PREPARATION.

3-306. Prior to machining bevels on pipe ends, the area
of the nickel liner to the steel pipe shall be prepared
by depositing the specified filler metal as required
to obtain a  homogenous seal  of  weld metal  in  the
juncture of the nickel liner to the steel pipe.

3-307.  The addit ional  bui ldup of  weld metal  shal l
be sufficient to provide a land or welding edge. Figure
3 - 1 1  s p e c i f i e s  t h e  m i n i m u m  d i m e n s i o n s  f o r  t h e
additional weld metal, and the type and contour of
bevel to be machined on pipe ends.

3-308. FITTING UP JOINTS.

3-309. Fitting up butt joints with a root opening shall
b e  p e r f o r m e d  i n  a c c o r d a n c e  w i t h  F i g u r e s  3 - 1 2
and 3-13.

3-310. Fitting up butt joints with a consumable insert
shall be in accordance with Figures 3-14 and 3-15.

3-311. Fitting up butt joints when welding Grade B
nickel-l ined pipe to dissimilar metals shall  be in
a c c o r d a n c e  w i t h  F i g u r e s  3 - 1 6  t h r o u g h  3 - 1 9 ,  a s
applicable.

3-312. SPECIFICATIONS.

3-313. GENERAL. The welding procedures and the
materials  used in these processes are l is ted below
wi th  t he  app l i cab l e  spec i f i ca t i on  number .  F igu re
3-20 presents  a  diagram to provide a  quick refer-
ence to the applicable specif icat ion for  each base
m e t a l  o r  c o m b i n a t i o n  t h e r e o f .  P a r a g r a p h s  3 - 3 1 5
through 3-320 present detailed specifications of these
procedures .

Specification No. Title

1. M a n u a l  M e t a l  A r c ,  C a r b o n
Steel.

2. Manual Oxy-Acetylene, Car-
bon Steel.

3. Manual Metal Arc, Stainless
Steel (Type 304).
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Specification No.

4.

Title

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 304).

5. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Srainless Steel (Type
304).

00-25-224

Specification No.

17.

18.

19.

Section III

Title

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
se r t ,  S t a in l e s s  S t ee l  (Type
304 ELC).

Manual Metal Arc, Stainless
S t e e l  ( T y p e  3 0 4  E L C )  a n d
Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 304 ELC) and Carbon
Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc  wi th  Consum-
able Insert, S t a in l e s s  S t ee l
(Type 304).

6.

7.

8.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc with Consumable Insert,
Stainless  Steel  (Type 304).

Manual Metal Arc, Stainless
Steel (Type 304) and Carbon
Steel.

20. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
304 ELC) and Carbon Steel.

Manual  Inert-Gas Shielded
Tungsten Arc with Consum-
ab le  In se r t ,  S t a in l e s s  S t ee l
(Type 304 ELC) and Carbon
Steel.

21.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 304) and Carbon Steel.

Manual  Inert  -Gas Shielded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
304) and Carbon Steel.

9.

10. 22. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
sert, Stainless Steel (Type 304
ELC) and Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
ab le  In se r t ,  S t a in l e s s  S t ee l
(Type 304) and Carbon Steel.

11.

12.

23.

24.

Manual Metal Arc, Stainless
Steel (Type 316).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 316).

Manual Ine r t -Gas  Sh ie lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
se r t ,  S t a in l e s s  S t ee l  (Type
304) and Carbon Steel.

25. Manual  Inert-Gas Shielded
Tungsten Arc,  and Manual
M e t a l  A r c , Stainless Steel
(Type 316).13.

14.

Manual Metal Arc, Stainless
Steel (Type 304 ELC).

26. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
ab le  In se r t ,  S t a in l e s s  S t ee l
(Type 316).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met -
al  Arc with Consumable In-
se r t ,  S t a in l e s s  S t ee l  (Type
316).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 304 ELC).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
304 ELC).

27.15.

16. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
304 ELC).

28 Manual Metal Arc, Stainless
Steel (Type 316) and Carbon
Steel.
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36.

37.

38.

39.

40.

31.

32.

33.

34.

35.

Specification No.

29.

Title

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 316) and Carbon Steel.

30. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
316) and Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
ab le  In se r t ,  S t a in l e s s  S t ee l
(Type 316) and Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
sert ,  Stainless Steel (Type
316) and Carbon Steel.

Manual Metal Arc, Stainless
Steel (Type 316 ELC).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 316 ELC).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
316 ELC).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
ab le  In se r t ,  S t a in l e s s  S t ee l
(Type 316 ELC).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
se r t ,  S t a in l e s s  S t ee l  (Type
316 ELC).

Manual Metal Arc, Stainless
S t e e l  ( T y p e  3 1 6  E L C )  a n d
Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 316 ELC) and Carbon
Steel.

Manua l  Ine r t -Gas  Sh i e lded
T u n g s t e n  A r c ,  a n d  M a n u a l
Meta l ,  Arc ,  S t a in l e s s  S t ee l
(Type 316 ELC) and Carbon
Steel.

Specification No. Title

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
able Insert ,  Stainless Steel
(Type 316 ELC) and Carbon
Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc with Consumable Insert
Stainless Steel (Type 316 ELC)
and Carbon Steel.

Manual Metal Arc, Stainless
Steel (Type 347).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 347).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc Stainless Steel (Type
347).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
able Insert ,  Stainless Steel
(Type 347).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
s e r t , Stainless Steel  (Type
347).

Manual Metal Arc, Stainless
Steel (Type 347) and Carbon
Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 347) and Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
347) and Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc with Consum-
able Insert ,  Stainless Steel
(Type 347) and Carbon Steel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
se r t ,  S t a in l e s s  S t ee l  (Type
347) and Carbon Steel.
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56.

57.

58.

59.

60.

61.

62.

63.

64.

T.O. 00-25-224 Section III
Specification No.

53.

Tit le

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, 70-30 Copper-
Nickel.

54. Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, 70-30 Copper-Nickel.

55. Manual Inert-Gas Shielded
‘Tungsten Arc with Consum-
ab le  In se r t , 70-30 Copper-
Nickel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, with Consumable In-
sert 70-30 Copper-Nickel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, Stainless Steel
(Type 316) and 70-30 Copper-
Nickel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, Stainless Steel (Type
316) and 70-30 Copper-Nickel.

Manual Inert-Gas Shielded
Tungsten Arc with Consum-
ab le  In se r t ,  S t a in l e s s  S t ee l
(Type 316) and 70-30 Copper-
Nickel.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al  Arc with Consumable In-
se r t ,  S t a in l e s s  S t ee l  (Type
316) and 70-30 Copper-Nickel.

Manual Ine r t -Gas  Sh ie lded
Tungsten Arc , Aluminum
(Type 6061-T6).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc , Aluminum
(Type 3003).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc , Aluminum
(Type 6061-T6) and Aluminum
(Type 3003).

Manual Inert-Gas Shielded
Tungsten Arc,  36% Nickel
Low -Expansion Alloy.

Specification No

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Title

Manual Inert-Gas Shielded
Tungsten Arc and Manual Met -
al Arc, 36% Nickel Low-Ex-
pansion Alloy.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, 36% Nickel
Low -Expansion Alloy, with
Consumable Insert.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, 36% Nickel Low-Ex-
pansion Alloy with Consum-
able Insert.

Manua l  Ine r t -Gas  Sh i e lded
T u n g s t e n  A r c ,  3 6 %  N i c k e l
Low -Expansion A l l o y  a n d
Stainless  Steel  (Type 304).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
al Arc, 36% Nickel Low-Ex-
pansion Alloy and Stainless
Steel (Type 304).

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc, 36% Nickel
Low -Expansion A l l o y  a n d
Stainless Steel (Type 304) with
Consumable Insert.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Me-
tal Arc, 36% Nickel Low-Ex-
pansion Alloy and Stainless
Steel (Type 304) with Consum-
able Insert.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
a l  A r c ,  C a r b o n  S t e e l  w i t h
0.015 Nickel Liner.

Manua l  Ine r t -Gas  Sh i e lded
Tungsten Arc and Manual Met-
a l  A r c ,  C a r b o n  S t e e l  w i t h
0.015 Nickel Liner and Con-
sumable Insert.

Manual Inert-Gas Shielded
Tungsten Arc and Manual Met-
a l  A r c ,  C a r b o n  S t e e l  w i t h
0.015 Nickel Liner and Stain-
less Steel (Type 316).
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Paragraphs 3-314 thru 3-320
Specification No. Title

75. Manua l  Ine r t -Gas  Sh i e lded 3-320. TABULAR INFORMATION. The designators
Tungsten Arc and Manual Met- in the MATERIAL and FILLER METAL columns of
a l  A r c ,  C a r b o n  S t e e l  w i t h Figure 3-21 are those supplied by the American
0.015 Nickel Liner and Stain- Society for Testing Materials (ASTM). For the con-
less Steel (Type 316) with Con- venience of the user, the following cross-reference
sumable Insert. material is provided:

3-314. SPECIFIC WELDING PROCEDURE SPECIFI-
CATIONS. The following paragraphs contain the de-
tailed specification for each of the welding procedures
described in paragraph 3-313. These specifications,
in tabular form (see figure 3-21), specify the mat-
e r i a l  ( 9 )  , f i l ler  metal  (9)  , welding process, pro-
cedure, and certification of test data.

3-315. MATERIAL.

3-316. The material (s) shall be the specified metal(s)
for  the subject  weldment ,  and shal l  be detai led in
the MATERIAL column of Figure 3-21.

ASTM Designator
Military/Federal

Specification

MATERIAL

A106-62T No applicable specification
A312-62T, Type 304 MIL-T-18063
A312-62T, Type 304L MIL-T-18063
A312-62T, Type 316 MIL-P-1144A
A312-62T, Type 316L MIL-T-1144A
A312-62T, Type 347 MIL-T-18063
B111-61T MIL-T-15005B

3-317.  FILLER METAL. The f i l ler  metal  (s)  shal l
be those specified for the subject weldment and shall
be detailed in the FILLER METAL column of Figure
3-21.

B241-55T, GS11A MIL-T-7081A
B241-55T,M1A WW-T-788C

3-318. PROCESS. The process shall be the specified
method to  accomplish the subject  weldment ,  and
shall be detailed in the PROCESS column of Figure
3-21.

3-319. CERTIFICATION OF TEST DATA. The cer-
t i f icat ion of  test  data shal l  be the cert i f icat ion of
the opt imum mechanical  propert ies  of  the subject
weldment, and shall be detailed in the CERTIFICATION
column of Figure 3-21 by reference to the applicable
figure numbers.

A233-58T
A251-46T
A298-62T
A371-62T
B259-57T
B225-57T
B285-61T

FILLER METAL

MIL-E-15599C
MIL-R-908
MIL-E-22200
MIL-R-5031A
QQR-571A
MIL-E-19323A
QQ-R-566
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CERTIFIED PROCEDURE 

WEtDING PROCESS Manual Inert-Gas Shielded Tungsten Arc 
MATERIAL A312-62T, Type 304 S. S.(specification) WELDED IO A312-62T, Type 304 S.S. 

PIPE SIZE AND WALL THICKNESS 5” Schedule 80,O. 3’75”Wall 

THICKNESS RANGE THIS TEST QUALIFIES 3/16” through 3/4” 

FILLER METAL SPECIFICATION A371-62T, ER308 

CHEMICAL ANALYSIS Chromium 19. 5-22. OS, Nickel 9.0-11.0% 

INERT GAS COMPOSITION Argon Welding Grade 99.99% Purity FLOW RATE 20 cfh 

TYPE BACKING USED Argon Gas Purge _ 

PREHEAT TREATMENI None 

FILLER ELECTRODE OR WIRE DIAMETER First mss 3/22”: subseauent mws l/8 
11 

TRADE NAME ROD USED TO OBTAIN DATA Arcos Cox-p bare rod 

FOREHAND OR BACKHAND TECHNIPUE Forehand 

NORMAL ULTIMATE (P.S.I.) THROUGH WELD SECTION 80,000 psi 

STRESS RELIEVING PROCEDURE None 

POSTHEAT TREATMENT None 

TEST DATA 

VERTICAL PIPE AXIS, WELD 

RTICAL AND FLAT 

VERTICAL PIPE AXIS, WELD HORIZONTAL 

3-46 
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Figure 3-27. Certified Procedures and Test Data - Specification No. 6 
3-48



Fig 3-5 Fig 3-6

T.O. 00-25-224 Section III

I

Figure 3-28. Certified Procedures and Test Data - Specification No. 7
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Figure 3-29. Certified Procedures and Test Data - Specification NO. 8
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Figure 3-30. Certified Procedures and Test Data - Specification No. 9
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Figure 3-31. Certified Procedures and Test Data - Specification No. 10
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Figure 3-33. Certified Procedures and Test Data - Specification No. 12
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Figure 3-34. Certified Procedures and Test Data - Specification No. 13
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Figure 3-36. Certified Procedures and Test Data - Specification NO. 15
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Figure 3-37. Certified Procedures and Test Data - Specification No, 16
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Figure 3-38. Certified Procedures and Test Data - Specification No. 17 3-59
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Figure 3-40. Certified Procedures and Test Data - Specification No. 19
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Figure 3-42. Certified Procedures and Test Data - Specification No. 21
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Figure 3-44. Certified Procedures and Test Data - Specification No. 23
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Figure 3-45. Certified Procedures and Test Data - Specification No. 24
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Figure 3-46. Certified Procedures and Test Data - Specification No. 25
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Figure 3-47. Certified Procedures and Test Data - Specification No. 26
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Figure 3-48. Certified Procedures and Test Data - Specification No. 27
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Figure 3-50. Certified Procedures and Test Data - Specification No.29
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Figure 3-51. Certified Procedures and Test Data - Specification No. 30
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Figure 3-52. Certified Procedures and Test Data - Specification No. 31
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Figure 3-53. Certified Procedures and Test Data - Specification NO .  32
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Figure 3-54. Certified Procedures and Test Data - Specification No.33
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Figure 3-56. Certified Procedures and Test Data - Specification No.35
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Figure 3-57. Certified Procedures and Test Data - Specification No. 36
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Figure 3-58. Certified Procedures and Test Data - Specification No. 37 3-79
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Figure 3-59. Certified Procedures and Test Data - Specification No. 38
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Figure 3-60. Certified Procedures and Test Data - Specification No. 39
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Figure 3-62. Certified Procedures and Test Data - Specification No. 41
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Figure 3-64. Certified Procedures and Test Data - Specification No.43
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Figure 3-66. Certified Procedures and Test Data - Specification No. 45
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Figure 3-67.  Certified Procedures and Test Data - Specification No. 46 
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Figure 3-68. Certified Procedures and Test Data - Specification No. 47
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Figure 3-69. Certified Procedures and Test Data - Specification No. 48
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Figure 3-71. Certified Procedures and Test Data - Specification No. 50
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Figure 3-73. Certified Procedures and Test Data - Specification No.52
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Figure 3-74. Certified Procedures and Test Data - Specification No.53
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Figure 3-75. Certified Procedures and Test Data - Specification No.54
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Figure 3-76. Certified Procedures and Test Data - Specification No.55
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Figure 3-78. Certified Procedures and Test Data - Specification No.57
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Figure 3-79. Certified Procedures and Test Data - Specification No. 58
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Figure 3-80. Certified Procedures and Test Data - Specification No.59
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Figure 3-81. Certified Procedures and Test Data - Specification No. 60
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Figure 3-82. Certified Procedures and Test Data - Specification No. 61
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Figure 3-83. Certified Procedures and Test Data - Specification No,82
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Figure 3-84. Certified Procedures and Test Data - Specification No.63
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Figure 3-86. Certified Procedures and Test Data - Specification No.65
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Figure 3-87. Certified Procedures and Test Data - Specification No. 66
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Figure 3-88. Certified Procedures and Test Data - Specification No.67
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Figure 3-89. Certified Procedures and Test Data - Specification No.68
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Figure 3-90. Certified Procedures and Test Data - Specification No.69
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Figure 3-91. Certified Procedures and Test Data - Specification No. 70
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Figure 3-92. Certified Procedures and Test Data - Specification No.71
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Figure 3-93. Certified Procedures and Test Data - Specification No. 72
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Figure 3-95. Certified Procedures and Test Data - Specification No.74
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Figure 3-96. Certified Procedures and Test Data - Specification No.75
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SECTION IV

NON-DESTRUCTIVE INSPECTION BY ULTRASONIC,
AND EDDY CURRENT METHODS

4-1. GENERAL.

4-2. The information contained in this section de-
scribes ultrasonic and eddy current inspection methods
for welds in high pressure and cryogenic systems;
also qualifications and certification requirements for
personnel engaged in the inspection of welds in high
pressure and cryogenic systems. That portion of the
section covering qualification and verification re-
quirements for inspection personnel is based on
recommendations by the Technical Council of the
Society for Non-Destructive Testing.

4-3. PRINCIPLES OF ULTRASONIC INSPECTION.

4-4. ULTRASONIC PULSE-ECHO INSPECTION.
Ultrasonic pulse-echo equipment generates short
pulses of high frequency electrical energy which
are transmitted to a piezoelectric or electrostrictive
disc. This converts the electrical energy into mech-
anical vibrations for transmission into the material
under test. This beam of ultrasound will reflect
from discontinuities and other reflecting surfaces.
The reflected pulses are received by a second or
the same piezoelectric or electrostrictive disc, con-
verted into electrical energy, and are amplified
and displayed on an oscilloscope. In standard equip-
ment the trace on the oscilloscope screen is verti-
cally deflected by the pulses. Since the horizontal
deflection of the trace is a linear function of time,

quence and their distance from the transmitting
transducer can be determined. This display system
is generally referred to as “A-scan.” A display
system whereby a cross section of the material is
presented is referred to as “B-scan.” A display
system whereby an area is presented is referred
to as “C-scan.” Figure 4-1 illustrates block dia-
gram of conventional ultrasonic equipment.

4-5. THEORY OF SOUND.

4-6. PROPOGATION OF SOUND. Propagation of
sound is caused by movement of molecules and is
illustrated by placing a membrane in such a posi-
tion that it is free to vibrate. When the membrane
is not vibrating, the molecules on either side of
the membrane possess like density. When the mem-
brane vibrates, the membrane moves to one side
and causes a higher density of molecules on that
side and less density of molecules on the opposite
side. This first movement of the membrane may be
called the first-half period of vibration. When the
membrane executes the second-half period of vibra-
tion, the exact opposite occurs; that is, what was
the high density of molecules for the first-half
period now has less density, and what was less
density of molecules now has a high density of
molecules. Movement of all molecules occur simul-
taneously in the immediate vicinity of a vibrating

the various reflections are displayed in time se- membrane.

Figure 4-1. Block Diagram of Conventional Ultra-
sonic Equipment

4-1
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4-7. Figure 4-2 illustrates wave fronts of equal
pressure and at equal phase, which indicate that the
wave fronts are spaced one or more wave lengths
apart, provided that damping is not accounted for.
Damping is the decrease in the wave amplitude due
to the structure of the material with respect to
time. Figure 4-2 also illustrates the relationship
between the wave length and the sound velocity.
The wave length is equal to the distance over which
the compression or rarefaction propagates during
each period.

Figure 4-2. Relationship of Wave Fronts of Equal
Pressure and Phase, Wave Length and
Sound Velocity

c = f. 

Where: C = Sound velocity in meters/seconds

f = Frequency in cycles/second

  =Wave length in meters

Sound velocity is indicated by the capital better C.
Various wave forms are indicated by suffixing a
lower case alphabetical letter to the sound velocity
symbol as a subscript:

4-8. Sound velocity is influenced by the tempera-
ture in a material. As the temperature in a ma-
terial increases, the sound velocity also increases
in proportion within its aggregate condition. Figure
E-1 shows sound velocities in solids and Figure
E-2 shows sound velocities in water at given tem-
peratures.

4-9. SOUND WAVE FORMS. Not all sound waves
can be applied to non-destructive testing at the
present time. Wave forms that are applicable to
non-destructive testing are; longitudinal (or com-
pression) waves, transverse (or shear) waves, sur-
face (or Rayleigh) waves, and Lamb (or plate) waves.

4-10. LONGITUDINAL WAVE FORM, Sound waves
discussed in paragraph 4-6 are longitudinal waves.
In the movement of longitudinal waves, the move-
ment of particles is in the same direction as the
direction of propagation of the wave. Figure 4-3
illustrates schematically the movement of particles
in the same direction as the direction of propaga-
tion of the wave. Figure 4-3 also shows the areas of
condensation and of rarefaction which are also
illustrate? in Figure 4-2.

Figure 4-3. Movement of Particles in Longitudinal
Waves
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Figure 4-4. Movement of Particles in Transverse
Waves

4-11. TRANSVERSE WAVE FORM. In the movement
of transverse waves, the particles are perpendicular
to the direction of the propagation of the wave.
Transverse waves can be generated only in material
having sufficient elastic properties. Transverse waves
cannot be generated in liquids or gases. Figure 4-4
illustrates the movement of particles perpendicular to
the direction of propagation of the wave.

4-12. SURFACE WAVE FORM. Figure 4-5 illustrates
a surface wave shown in a steel, i.e., the vibrational
movement of the surface. The deformation of the sur-
face is not a true sine wave. The depth of penetra-
tion of a surface wave is no more than one wave
length. It is not possible to generate a surface wave
in a material when the thickness of the material
approaches one wave length.

4-13. LAMB WAVE FORM. The waves generated in
a material of which the thickness of the material
approaches one wave length are called “plate”
waves, some of which waves are known also as
Lamb waves. Lamb waves occur in two basic types
of waves; symmetrical waves and asymmetrical
waves. The particles in the neutral zone of symmetri-
cal Lamb waves carry out a longitudinal vibration.
Particles in the neutral zone of an asymmetrical
Lamb wave carry out transverse vibrations. In both
symmetrical and asymmetrical Lamb waves, the
remaining particles follow an elliptical path as
illustrated in figures 4-6 and 4-7.

4-14. REFLECTION. A reflection occurs when a
sound beam strikes an interface between two different
media. The angles of incident and of reflected sound
are equal. The behavior of sound in this respect is
similar to the reflection of light. (See Figure 4-8).
Part of the sound beam is not reflected but enters
the second medium. The amount of reflected energy
depends upon the acoustical impedance of both ma-
terials as expressed in the formula:

Figure 4-5. Movement of a Surface Wave in Steel

4-3



Section IV
Paragraph 4-15

T.0. 00-25-224

Where: Z = Acoustical impedance X106 KG/M2

- second

  Density X103 KG/M3

C = Sound velocity M/second

Figure 4-6. Flow of Particles in a Symmetrical
Lamb Wave

Figure 4-7. Flow of Particles in an Asymmetrical
Lamb Wave

Figure 4-8. Angle of Incidence is Equal to Angle of
Reflection

4-15. The amount of reflected energy for normal
incidence is determined by:

(See Figure 4-9).

Figure 4-9. Schematic Presentation of Reflected
Sound Energy

The reflected energy can be converted into the
amplitude of the particle motion. The reflected
energy is directly proportional to the square of the
amplitude. Thus the amplitude of a reflection is
determined by :
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Figure 4-10. Graphic Presentation of the Relationship
Between Wavelength and Transmission
of Sound Energy Through Thin Films

Figure 4-11. Schematic Presentation of a Longitud-
inal Wave Refracting into a Surface Wave

4-16. A table of reflection factors for amplitude in
percentage is given in Figure E-3. Reflection against
thin films changes the formula shown in Figure E-3,
because of film thickness and the frequency influence
the magnitude of reflected energy. Figure 4-10 shows
that maximum reflection occurs when the film thick-
ness equals 0.25, 0.75, and 1.25 (of the wavelength  )  
Maximum transmission occurs when the film thick-
ness equals 0.5, 1.0, and 1.5 wavelength       .   

4-17. Refraction occurs when a sound beam strikes
the interface at an angle. The angle of refraction is
determined by the angle of incidence and the sound
velocity in the two media according to the following
formula: (See figure 4-12).

Figure 4-12. Schematic Presentation of Snell’s Law
of Refraction
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EXAMPLE: An angle transducer is marked 55° Fe.
What is the refracted angle in aluminum?

Depending upon the angle of incidence and sound
velocities, the sound beam refracts into longitudinal,
transverse, or surface waves. The formula for this
refraction is :

The angles of refraction for various materials are
listed in Figure E-4.

4-18. The near zone, or Fresnell zone, is that part
of the sound beam which extends over an area at a
limited distance in front of the piezoelectric disc.
The length of the near zone is determined by the
following formula: (See figure 4-14).

Figure 4-13. Schematic Presentation of a Longitudinal
Wave Refracting into a Transverse Wave

Localized areas of high and low intensity exist in
the near zone due to interference, Accurate meas-
urements therefore, are impossible in the near
zone, but the detrimental effect can be overcome
with a sound delay, as is the case with immersed
inspection and through use of plexiglass wedge.

Figure 4-14. Schematic Presentation of Soundbeam
Showing Near and Far Zone
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Figure 4-15. Divergence of Sound Beam

4-19. Divergence occurs in the far or Fraunhofer
zone. Divergence is the natural spreading of the
sound beam. The angle of divergence is determined
by the diameter of the piezoelectric disc and the
wave length. The sound intensity, through a cross-
sectional area of the beam, varies from maximum
in the center to a minimum along the sides of the
spreading sound beam. There is a general reduction
in sound intensity and for practical purposes 10%
of the maximum intensity is used for actual diver-
gency. (See Figure 4-15). This angle of divergence
can be calculated by the following formula:

The value for K at intensities of 10, 30, 50 and 70
percent of maximum are 1.08, 0.76, 0.56 and 0.44,
respectively (See figure 4-15).

4-20. Attenuation in solids is caused by damping
and by dispersion of the sound energy. In disper-
sion of sound energy, attenuation can be attributed
directly to very small heterogeneities in the ma-
terial. Damping is caused by the conversion of
sound energy into other forms of energy such as
heat. Another form of attenuation is caused by
the structure of the material. In a coarse-grained
material, where the wave length approaches the
grain size, dispersion of sound energy at the grain
boundaries occurs. This action can be compared
by driving in fog with headlights on; the light is
dispersed in all directions. At a high gain setting
of the ultrasonic instrument, it will display a “grass”
effect on the cathode-ray tube. Defect reflections
cannot be recognized in this display. The use of a

lower frequency (longer wave length) partially solves
this problem. Total dispersion occurs when

as a result the detection of a small defect, which
is possible at a high frequency need not be possible
at a lower frequency. Example:

4-21. GENERATION OF ULTRASOUND.

4-22. Magnetostriction. Magnetostriction is the phe-
nomenon by which a change in length or volume is
caused by a change in the magnetic flux density
through some metals such as steel, cobalt, nickel,
and their alloys. As the magnetic flux density is
generated electrically, the magnetostrictive trans-
ducer transforms electrical energy into mechanical
vibrations or mechanical vibrations into electrical
energy. Such a transducer is composed of a metal
core (a rod, a slotted laminated stack, or cylinder)
and insulated electrical wiring. The transducer ap-
pears similar to a transformer in many respects.
The most effective frequency range for such trans-
ducers is between 20 and 100 kilocycles. At higher
frequencies, the construction of such a transducer
is more difficult and the use of piezoelectric or
electrostrictive materials is preferred. The size
of a transducer becomes too great for practical
use when operated in the lower frequencies. For
example, a 600 c/s transducer would have a length
of 15 feet for effective use because the length of
a transducer is a function of its resonance frequency
which is expressed as follows:
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The following formula applies for a ring transducer:

The excitation windings of the solenoid should pro-
vide a peak magnetic field of between 50 and 200
oersteds. The solenoid required for this type of
transducer can be calculated as follows:

A typical magnetostrictive transducer is shown in
Figure 4-16.

Figure  4-16.        Typical Magnetostrictive Transducer

4-23. Piezoelectricity. Piezoelectricity is the phe-
nomenon of generating electrical potentials when
certain crystals are deformed. The most widely
known materials having this property are quartz,
Rochelle salt, and tourmaline. Hexagonal quartz,
as found in nature, is very hard and extremely
brittle. Rochelle salt is machined successfully but
mechanical properties are not favorable. A
typical piezoelectric crystal is shown in Figure 4-17.

Figure 4-17. Piezoelectric Crystal

4-24. When a disc is cut out of a crystal perpendicu-
lar to the X axis, pressure along this axis will gen-
erate a potential between the two parallel surfaces.
When an electric potential is applied to the crystal
disc, deformation will occur. This effect is called
the reverse piezoelectric effect. A crystal may
also be cut perpendicularly to the Y axis. When an
alternating current is applied to a Y crystal, it
will vibrate transversely. The output of a crystal
is at a maximum when it is in resonance. As the
resonance frequency depends upon the thickness of
the crystal, cutting of the crystal must be precise.
The resonance frequency of a crystal is determined
by the formula:

4-25. The man-made compounds exhibiting piezo-
electric properties are known as electrostrictive
materials. These compounds are divided into two
groups; compounds formed physically such as cer-
amics which includes barium titanate, lead zirconate,
and lead metaniobate, and compounds formed chem-
ically such as lithium sulphate. The ceramic materials
have better mechanical properties than lithium sul-
phate. Lithium sulphate has a deliquesce property
of absorbing water from the atmosphere.
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4-26. The two active surfaces of the piezoelectric
disc are made conductive by vaporizing layers of
silver, aluminum, or chromium on them. The assem-
bly, consisting of a piezoelectric disc, damping
material, holder, and cable connector, comprises an
ultrasonic transducer. The transducer must be com-
bined with an impedance matching network in basic-
ally the same manner that a loud speaker is matched
to an amplifier with a transformer. This impedance
matching network is built in the transducer housing
or in the cable connector. A schematic of a trans-
ducer is shown in Figure 4-18.

Figure 4-18. Schematic of Ultrasonic Transducer

4-27. A different impedance matching device is re-
quired for each piezoelectric material, frequency,
size of disc and the output/input impedance of the
ultrasonic instrument. The impedance matching net-
work for contact transducers is different from that
of immersed transducers. This is caused by the
different acoustical impedance between a liquid (water)
and any solid. Specific information on piezoelectrical
material is required when designing impedance match-
ing networks.

4-28. COUPLANTS. A couplant is required between
the face of the transducer and the surface of the
material under inspection to assure proper trans-
mission of ultrasonic energy. Any liquid or plastic
couplant having good acoustical properties is suitable.
Oil is used as the most common couplant. Selection
of the proper couplant is determined by charac-
teristics of the test part such as surface finish,
temperature of the specimen, further treatment of
the specimen, and economy.

Paragraphs 4-26 to 4-34

4-29. SURFACE FINISHES. An oil having a high
viscosity should be used on rough surfaces. As the
surface roughness increases the viscosity of the oil
should also increase and inversely, an oil having a
low viscosity should be used on smooth, polished
surfaces. Thick couplants should be used on rough
surfaces and thin, light-bodied couplants used on
smooth surfaces.

4-30. TEMPERATURES. The temperature of the pie-
zoelectric disc shall not exceed its depolarization
temperature or the critical temperature of the adhes-
ive used to bond the disc to the damping material.
For high temperature application, cooling Of the disc
is essential. This cooling can be accomplished with
water or silicone oils.

4-31. ENVIRONMENT.

Do not use oil or grease as a couplant
in systems where oxidyzing liquids or
gasses are used since serious injury to
personnel and damage to system will result.

4-32. FURTHER TREATMENT OF SPECIMEN. When
a couplant is specified for use in testing and use of
the couplant is not permitted due to certain circum-
stances, a selection may be made from liquids
listed as follows:

a. Water with rust preventative and wetting
agent.

b. Glycerine.

c. Alcohol.

d. Glucose (for rough surfaces).

4-33. ECONOMY. Because of availability, water is
the most economical liquid couplant for mass inspec-
tion. Using water as a couplant is achieved by
immersed scanning and by using a crystal fixed
in a water jet. With these two methods, the detri-
mental effect of the near zone and dead zone are
eliminated. However, a fixture is required to main-
tain the transducer perpendicular to the surface
being inspected in order that the sound beam enter
the material at an angle of 90 degrees with respect
to the surface. Any deviation from the 90 degree
angle will result in refraction showing complicated
patterns.

4-34. A constant supply of liquid couplant can be
supplied for angle transducers, by drilling a hole
through the Plexiglas block and making connections
to a water or oil supply.
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4-35. DRY COUPLANTS. A sheet of rubber may be
used as a couplant but sheets must be exceedingly
thin to prevent excessive damping. Pliable plastics
may be used as couplants by rolling the plastic into
a thin sheet and pressing the sheet into the surface
irregularities of the part under inspection.

4-36. INSPECTION EQUIPMENT AND ACCESSORIES.

4-37. The ultrasonic instrument should fulfill the
following basic requirements.

4-38. CATHODE-RAY TUBE DISPLAY. The cathode-
ray tube display should have a linear horizontal
display in. order to determine the location of a
reflecting surface as accurately as possible. The
non-linearity of the time base must not exceed 2%.

4-39. HIGH FREQUENCY PULSE AMPLIFIER.

4-40. The high frequency pulse amplifier is used to
amplify the relatively minute amounts of the electric
energy caused by the returning sound paths. The
high frequency pulse amplifier should have alinearity
of at least 95% and be free of any clipping effect.
The absence of a clipping effect will assure obtaining
as accurate an attenuation pattern as possible of the
inspected part. This enables determining defect size
within physical limits.

4-41. SCREEN DISPLAY OR PRESENTATION. The
presentation must be by video, radio frequency, or
a combination of both. The pattern presented should
be positive only to facilitate main viewing surface
area (interpretation). Any noise generated by the
equipment must not be visible on the cathode-ray
tube display at high sensitivity levels. The dead
zone is that area where no reflections can be visible
on the viewing screen. The length of the dead zone,
without the transducer attached, should not exceed
5          seconds. HORIZONTAL POSITIONING should be
possible over a length of 25 microseconds, retaining
a full length sweep on the cathode-ray tube display.
RANGE CONTROL should be calibrated so that direct
determination of the length of a sound path for both
longitudinal, transverse and surface waves is possible.
A change of sweep length should be possible without
extensive calibration. The instrument shall have a
calibrated sweep expansion and a regulated power
supply.

4-42. ULTRASONIC TRANSDUCERS.

4-43. Ultrasonic transducers are divided into six
groups as follows:

a. Normal transducers.

b. Angle transducers.

c. Variable angle transducers.

d. Transducers with separate transmitter and
receiver.

e. Transducers for immersed inspection.

f . Focused transducers.

4-10

4-44. PIEZOELECTRIC MATERIALS. Some piezo-
electric materials used in the manufacture of trans-
ducers are quartz, lithium sulphate, barium, lead
zirconate, and lead metaniobate. Refer to paragraph
4-23 describing the use of these materials in ultra-
sonic testing.

4-45. DAMPING MATERIALS. Damping material for
normal pulse echo transducers should present a high
density surface on which the piezoelectric disc is
mounted but which also dampens out the sound in a
minimum length of material. Damping out the sound
in a minimum length of material is a combination
of acoustical properties and configuration. Damping
material for angle transducers shall be completely
bonded to the lucite or Plexiglas wedge. The damping
material and wedge material should have acoustical
impedances as close as possible while damping
properties should be higher. (See Figure 4-19).
Some transducers contain serrated surfaces to dis-
burse the sound instead of a damping material.

Figure 4-19. Schematic Showing Ultrasonic Angle
Transducer with Damping Material

4-46. MATCHING NETWORK. The transducer should
be matched to the ultrasonic instrument With an
impedance matching network for optimum performance.
A matching network can be built in the transducer
or in the cable connector and should be identified
as to whether located in the transducer or the
cable connector. At higher frequencies the matching
network gives protection against arcing through the
piezoelectric disc.

4-47. DISTURBING REFLECTIONS. The transducer
shall not be constructed as to have excessive ringing.
The pulses should be no longer than two     seconds.
Transducers in which lithium sulphate or other
hygroscopic material is used should be completely
sealed. The length of disturbing reflections for angle
transducers shall not be longer than four    seconds
in the part undergoing inspection.
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4-48. STANDARDIZATION OF ULTRASONIC EQUIPMENT.

Section IV
Paragraph 4-48

Branson Instruments, Inc.
37 Brown House Road
Stamford, Connectucut

Equipment Origin: U.S.A.

Manufacturer of Pulse Echo
Ultrasonic Equipment
Resonance Ultrasonic Equipment

1.

2.

3.

Sonoray Flaw Detector Model 50C. -

Type: Pulse Echo
Frequency: 0. 4 - 10 mc.

Immersed and Contact

Dimensions: 11”H x 7 5/8W x 20 1/4D
Weight: 37 pounds

Full complement of transducers and accessories available.
Equipment suitable for weld inspection and thickness measurements.

Sonoray 30 Flaw/Thickness Tester (Battery Powered)

Type: Pulse Echo
Frequency: 1 - 5 mc.

Contact

Dimensions: 4 1/2H x 9 1/2W x 15D
Weight: 16 pounds (Including Batteries)

Full complement of transducers available.
Equipment suitable for weld inspection and thickness measurements.

Vidigage Thickness Gage Model 14B

Type: Resonance
Frequency: Ranges . 75 to 30 mc. (9 Oscillators)
Dimensions: 14 1/2H x 14 1/2W x 23”D
Weight: 60 pounds

Full complement of transducers and accessories available.
Equipment suitable for thickness measurements.

Krautkramer Ultrasonics, Inc.
One Research Drive - Stratford, Connecticut

Origin: Germany

Parent Company: Dr. J. and H. Krautkraemer
Gesellschaft Fuer Elektrophysik
Luxemburgerstrasse 44g
Cologne - West Germany
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Manufacturer of Pulse Echo Ultrasonic Equipment

1. Ultrasonic Instrument USK4 (Battery Powered)

Type: Pulse Echo
Frequency: 1 - 6 mc
Dimensions: 4 1/2H x 7 1/2”W x 15”D
Weight: 10 pounds

Full complement of transducer and accessories available.
Equipment suitable for weld inspection and thickness measurements,

2. Ultrasonic Instrument USM1 (Standard)

Type: Pulse Echo Contact and Immersed
Frequency: 1 - 6 mc.
Dimensions: 13 3/4H x 9 1/4W x 21 1/2D
Weight: 44 pounds

Full complement of transducers and accessories available.
Equipment suitable for weld inspection and thickness measurements.

3. Ultrasonic Instrument USIP 10W (Universal)

Type: Pulse Echo Contact and Immersed
Frequency: 0.55 - 15 mc.
Dimensions: 13 3/4H x 9 1/4W x 21 1/2D
Weight: 49 pounds

Full complement of transducers and accessories available.
Equipment suitable for weld inspection and thickness measurements.

Magnaflux Corporation (Subsidiary of Champion Sparkplugs)
7300 West Lawrence Boulevard
Chicago 31, Illinois

Origin: USA

Manufacturer of Pulse Echo and Resonance Ultrasonic Equipment
Manufacturer of Eddy Current Instruments

1. Ultrasonic Instrument PS810

Type: Pulse Echo
Frequency: 0.5 - 15 mc.
Dimensions: 13 1/4H x 9W x 23D
Weight: 43 pounds

Contact and Immersed

Full complement of transducers and accessories available.
Equipment suitable for weld inspection and thickness measurements.

2. Ultrasonic Instrument SO300

Type: Resonance (Battery Powered)
Frequency: Range 750 kc - 4.5 mc Contact
Dimensions: 8 1/2H x 9 1/2W x 11 1/4D
Weight: 12 l/4 pounds
Dimensions Battery Case: 11”W x 10 1/2D x 3 1/2H
Weight Battery Case: 12 1/2 pounds

Full complement of transducers available.
Suitable for thickness measurements.
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3.   Eddy Current Instrument ED300

Frequency: 360 cps (Ferro magnetic material only)
Dimensions: 13"W x 9”H x 8”D
Weight: 24 1/2 pounds

Eddy Current Instrument ED500    4.    

Frequency: 50 kc - kc (Ferro Magnetic and non ferrous materials)
Dimensions: 15 1/2 x 8 1/2 x 10 1/2
Weight: 20 pounds

Eddy Current Instrument FM 120 (Battery Powered)   5.    

Frequency: 60 kc (Non ferrous materials only)
Conductivity 8 - 107 % I. A. C .
Range :
Dimensions: 4 1/8 x 9” x 6 1/2”
Weight: 5 pounds

Sperry Products
Division of Automation Industries, Inc.
Danbury, Connecticut

Manufacturer of Pulse Echo Ultrasonic Equipment

Origin: U.S.A.

1. Reflectoscope UM 715

Type: Pulse Echo Contact and Immersed
Frequency: Modular System - 40 kc up to 45 mc.
Dimensions: 7H x 15 1/2W x 19 7/8D
Weight:
Federal Stock No. 6635-996-1415

Full complement of transducers and accessories available.
Equipment suitable for weld inspection and thickness measurements.

2. Reflectoscope UM 721

Type: Pulse Echo Contact and Immersed
Frequency: Modular System - 40 kc up to 45 mc.
Dimensions: 7H x 15 1/2W x 19 7/8D
Weight:
Federal Stock No. 6635-996-1415

Full complement of transducers and accessories available.
Equipment suitable for weld inspection and thickness measurements.
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4-49. GENERAL. The standardization of the equipment
is a function to be performed by the inspection
personnel by using a standardization or reference
block. Standardization of ultrasonic equipment is
important in determining the exact location of the
defects. The location of a defect often indicates the
kind of defect. In the manufacture of ultrasonic
inspection equipment where all components must
function identically as possible, a standard is required.
Particular attention must be given to the sensitivity
of the equipment. Sensitivity will vary with different
instruments and with aging and continued use of the
equipment and components. Differences in sensitivity
of transducers of like manufacture will always prevail.
The sensitivity is not uniform over the face of the
average transducer. It may be required also that
identical inspection procedures with similar parts
be performed at various points on the parts.

4-50. REFERENCE BLOCKS. A reference block is
required for the following reasons:

a. To standardize the ultrasonic equipment and
transducers.

b. To reproduce a specific sensitivity setting
and give a sound basis for the exchange of measuring
data, where accoustical properties in sound media
are the same.

c. To compare the sensitivity of ultrasonic
equipment of different manufacture.

4-51. It is not possible to design a reference block
which can be used for all purposes because many
functions must be checked electronically. A rejected
part from a lot may be retained and used as a cali-
bration standard when inspecting other parts of the
same lot, in lieu of using a reference block, and may
be used to advantage over general purpose reference
blocks. Various reference blocks are in use. All
reference blocks, other than the International Institute
of Welding reference blocks, are designed to give a
direct relationship between the reflecting surface of a
hole, or notch as an artificial defect and a flaw in
the part undergoing inspection, which is to state that
these reference blocks can be used to detect the size
of a defect.

NOTE
A reference block cannot be used to detect
the size of a defect directly.

4-52. The International Institute of Welding reference
block can be used to standardize equipment for both
normal (longitudinal) transducers, and angle (shear or
transverse) transducers. Refer to Figure 4-20 for
the example of the International Institute of Welding
reference block.

Figure 4-20. International Institute of Welding Ultrasonic Reference
Block Adapted to American Measurement Standards
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4-53. STANDARDIZING FOR LONGITUDINALWAVES
WITH INTERNATIONAL INSTITUTE OF WELDING
REFERENCE BLOCK.

4-54. LOW RANGE - UP TO 10 INCHES.

a. Position the transducer as illustrated in
Figure 4-21.

b. Depending upon the range setting, 5 or 10
back reflections should occur because the reference
block is 1-inch thick.

c. Adjust the first and second back reflection
on the 1-inch and 2-inch mark with the FINE CONTROL
RANGE and the ZERO POSITION CONTROL, if nec-
essary.

NOTE

Do not standardize on a transmitting pulse,
or a delay may cause inaccuracies. The
start of the transmitting pulse does not
coincide with the moment the sound beam
enters the material. A small delay is
inherent in ultrasonic equipment.

Figure 4-2. Positioning Transducer for Checking
Longitudinal Waves - Low Range Up to
10 Inches

Figure 4-22. Positioning Transducer for Checking
Longitudinal Waves - Range 10 Inches
to 40 Inches

d. With the first and second back reflections
on the 1-inch and 2-inch marks, check that other
back reflections are on their respective marks.
Adjust with both FINE RANGE CONTROL and ZERO
POSITION CONTROL, if necessary.

4-55. RANGE FROM 10 INCHES TO 40 INCHES.

a. Position the transducer as illustrated in
Figure 4-22.

b. As the length of the sound path is 4 inches,
the first back reflection occurs at the 4-inch mark
and the second back reflection occurs at the 8-inch
mark.

c. Adjust the 4-inch and 8-inch reflections with
the 4-inch and 8-inch marks, respectively, using
FINE RANGE CONTROL and ZERO POSITION CON-
TROL. For the 40-inch range, adjust FINE RANGE
CONTROL so that 10 back reflections are visible.

4-56. RANGE FROM 40 INCHES TO 80 INCHES.

a. Position the transducer as illustrated in
Figure 4-23.

b. As the length of the sound path is 8 inches,
the first back reflection will occur at the 8-inch
mark.

c. Adjust the 8-inch reflection with the B-inch
mark, using the FINE RANGE CONTROL and ZERO
POSITION  CONTROL
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NOTE

I 6 24 32 40

Figure 4-23. Positioning Transducer for Checking
Longitudinal Waves - Range 40 Inches
to 80 Inches

4-57. RANGE 5 INCHES TO 10 INCHES AT LOWER
FREQUENCIES

NOTE
When materials to be inspected have high
damping properties, a lower frequency of
one megacycle or less is required. It is
difficult to standardize steel at this low
frequency. A Plexiglas disc has been in-
serted in the International Institute of
Welding reference block. The thickness of
the disc is equivalent to a 2-inch sound
path in steel.

a. Position the transducer as illustrated in
Figure 4-24.

b. The first back reflection will occur at the
2-inch mark, the second back reflection will occur
at the 4-inch mark, and the third back reflection at
the 6-inch mark, etc.

c. Adjust the back reflections with their respec-
tive marks, using the FINE RANGE CONTROL and
ZERO POSITION CONTROL.

Plexiglas material is electrically non-
conductive. An internally-grounded trans-
ducer should be used. If an internally-
grounded transducer is not available, place
a piece of aluminum foil between the trans-
ducer and Plexiglas disc. Use a couplant
on both sides of the foil.

4-58. CHECKING THE DEAD ZONE. The dead zone is
the length of the sound path following entrance of
the sound beam into the material, during which no
reflection can be observed because of obstruction by
the transmitting pulse. A dead zone is inherent in
all ultrasonic test equipment. The use of good trans-
ducers and the proper electronic circuit will minimize
the length of the dead zone to a great extent. In some
types of instruments an extensive dead zone is not
too obvious as the length of the transmitting pulse is
electronically suppressed. The sensitivity indication
immediately after sharp transmitting is reduced to
practically zero and reflections are not visible. The
dead zone should not be determined by measuring
the width of the transmitting pulse alone, but by a
practical test. This test can be performed with the
International Institute of Welding reference block
with the transducer placed in positions as Indicated
in Figure 4-25.

4-59. CHECKING RESOLUTION. Resolution is the
ability of ultrasonic equipment and transducers to
discriminate between two or more reflecting surfaces
which lie at slightly varying depths. Discrimination
is necessary between a defect and the weld bead
as illustrated in Figure 4-26. The resolution is checked
by placing the transducer in the position illustrated
in Figure 4-27. Three different sound paths are
shown. The reflections from these surfaces should
be separate and distinct at frequencies of 2.25 and
higher.

Figure 4-24. Positioning Transducer for Checking
Longitudinal Waves - Range 5 Inches
to 10 Inches at Lower Frequencies
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Figure 4-25. Positioning Transducer for Checking
Dead Zone

Figure 4-26. Discrimination Between a Defect and
Weld Bead

4-60. STANDARDIZING FOR TRANSVERSE WAVE INSPECTION.

4-61. GENERAL. As the velocity of transverse waves
is approximately one-half of longitudinal waves, a
complete change in the calibration of the equipment
is required. The change of equipment is augmented
by the fact that an inspection with transverse waves
is performed without the benefit of a back reflection
as in inspecting welds. The International Institute
of Welding reference block has been designed pri-
marily for calibrating transverse waves. To calibrate
for transverse wave inspection, proceed as follows:

a. Place a normal (longitudinal) transducer in
position as illustrated in Figure 4-28.

b. Use a range of 10 inches. The result is a
sound path 3.64 inches long for longitudinal waves
which is equivalent to a sound path of 2 inches for
shear waves.

c. Adjust the equipment so that the first, second,
and third reflections, etc., occur at the 2-inch,
4-inch, 6-inch marks, etc., respectively.

d. Adjust the reflections with their respective
marks, using the FINE RANGE CONTROL and ZERO
POSITION CONTROL.

e. Exchange the normal transducer for the proper
angle transducer.

f . Position the angle transducer as illustrated
in Figure 4-29 and move the transducer until a
reflection of maximum amplitude is received.

g. As the length of the sound path in the refer-
ence block is 4 inches, the reflection from the arc
should occur at the 4-inch mark. However, the reflec-
tion from the arc will occur between the 4-inch and
5-inch mark because the sound path passes through
the Plexiglas wedge of the angle transducer.

h. Move the screen pattern with the ZERO POSI-
TION CONTROL only, to the left so the reflection
from the arc is exactly at the 4-inch mark. (See
Figure 4-30).

NOTE
The sound path in the Plexiglas wedge is
now in front of the zero point and the
screen pattern represents the sound path
in the reference block.

4-17



Section IV T.0. 00-25-224

Figure 4-27. Resolution Test on Reference Block

Figure 4-28. Positioning Longitudinal Transducer
for Standardizing Transverse Waves Figure 4-29. Positioning Angle Transducer to Deter-

mine Point of Incidence
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Figure 4-30. Correcting Sound Path for Plexiglas
Wedge

Figure 4-31. Adjusting Linearity at 8 and 9 Inches

Paragraphs 4-61

Figure 4-32. Checking Point of Incidence of an Angle
Transducer

i. Increase the sensitivity until two more reflec-
tions are obtained occurring at approximately the 8
inch and 9-inch marks, as shown in figure 4-31.
These 2 reflections are caused by the hole “A” and
the groove “B” in the IIW block. When the sound-
beam enters the reference block at the exact center
of the arc, it gives a reflection from the arc at 4
inches. If there was no hole, the sound energy that
did not cross the interface between reference block
and transducer would reflect from the interface and
not come back to the transducer again. Hole “A”,
however, will reflect part of the sound energy back
to the arc and thus cause a reflection at 8 inches.
The groove “B” with the same center as the arc,
but 1 inch away, will also reflect some of this sound
energy back to the arc, but as the sound path is
1 inch longer it will give a reflection at the 9-inch
mark. Do not confuse hole “A” with hole “C” which
is used for sensitivity standardization only.

j . The equipment is now standardized for shear
waves using a specific angle transducer.

k. If another angle transducer is used, repeat
steps h through j. Repeating these steps for each
angle transducer is required because the length of
the sound path in the Plexiglas wedge varies for each
angle and with different manufacturers of transducers.

4-19



Section IV T. 0.     00-25-224
Paragraphs 4-62 to 4-63

Figure 4-33. Check for Angle of Incidence

Figure 4-34. 70° Angle Presentation of Angle of
Refraction

Figure 4-35. Checking for Angle of Refraction

4-62. ANGLE TRANSDUCERS.

4-63. Checking Point of Incidence and Angle of
Refraction. The point of incidence and the angle of
refraction must be known to perform accurate ultra-
sonic inspection. Both the point of incidence and the
angle of the refraction for a specific material should
be indicated on the transducer. Transducer perfor-
mance varies with its usage and a check should be
made to determine point of incidence and angle of
refraction used. When angle transducers are used,
which do not indicate the point of incidence, the
following check is mandatory.

a. Position the angle transducer as illustrated
in Figure 4-32.

b. Move the transducer until a maximum reflec-
tion from the arc is obtained.

c. Mark the angle transducer at the point on
the reference block where the center of the arc is
indicated. The mark indicates the point of incidence
and is the location of the center of the sound beam.
(See Figure 4-33).

d. Place the angle transducer on the position
marked on the reference block for the proper angle
of the transducer.

e. Move the transducer until a maximum reflec-
tion from the 2-inch diameter hole is obtained.
(See Figure 4-34).
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Figure 4-36. Measurement of Beam Characteristics

f . The angle appearing on the reference block
at the point of incidence mark on the transducer
is the angle of the transducer. (See Figure 4-35).

4-64. Beam characteristics are measured in the
same manner as the angle of refraction is meas-
ured. In measuring beam characteristics, the trans-
ducer is positioned until a maximum reflection of
the 2-inch hole is obtained. The maximum reflection
indication is termed the beam axis. The beam spread
is derived from the curve of all reflections obtained
during positioning of the transducer for minimum,
through maximum, and back to minimum, as illus-
trated in Figure 4-36.

4-65. SENSITIVITY ADJUSTMENT. The sensitivity
required for a specific inspection is determined by
preliminary testing such as an indication of defects
on a radiograph; a comparison with artificial defects,
such as holes or notches of a known reflecting area
or destructive testing. The particular setting of the
instrument is noted and the reference block is used
as tool for resetting this sensitivity. The sensitivity
is then stated as the amplitude in inches or scale
divisions of the reflection resulting from the 0.060-
inch hole at a specific distance in inches. The
specific distances for each angle are illustrated
in Figure 4-37. For the 2-inch diameter hole, the

plexiglas disc or the arc can all be used as refer-
ence points depending on the sensitivity used. In
all cases the actual reflecting surface and the length
of the sound path must be stated.

4-66. During inspection of fillet welds or similar
constructions a sensitivity adjustment is required for
longitudinal waves when a back reflection cannot be
obtained. Figure 4-37 illustrates the reference setting
on the reference block. The transducer is placed as
shown in Figure 4-37 and moved until a maximum
reflection from the reflection surface (in this case
the 0.060-inch hole “C“) is obtained. The ampli-
tude of this reflection is taken as the relative
value for the sensitivity and makes it necessary
that the acoustical properties of all reference blocks
be the same. This is accomplished by measuring
the damping properties of the material.

4-67. During inspection of butt welds or similar parts,
a sensitivity adjustment is required for transverse
waves as a back reflection cannot be obtained in
most cases. For low sensitivity settings either the
arc or the 2-inch diameter hole serve as a reference
point for the sensitivity setting. For higher sensi-
tivity settings the 0.060-inch hole in the reference
block serves as the reference point. The transducer
is placed as illustrated in Figure 4-38 and moved
until a maximum reflection from the hole is obtained.
The position of the transducer, the amplitude of the
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Figure 4-37. Adjustment for Sensitivity on Reference
Point

reflection and its exact position in the screen pattern
is noted after adjustment of range and zero point
correction is made. When inspecting welds in ma-
terials of more than 1 inch thick, the transducer is
placed in the position as illustrated in Figure 4-39.
In this case a soundpath of 6.4 inches in steel is
obtained at 45 degrees before reflection occurs from
the reference point. Accuracy in measuring is nec-
essary to determine the reflection from the reference
point. The length of the sound path should first be
physically measured on the reference block in order
to obtain the necessary accuracy.

4-68. INSPECTION METHODS AND SCREEN PRESENTATION.

4-69. Depending upon the application, non-destructive
inspection with pulse-echo equipment is performed by
using several methods. Inspection either by immersion
in liquids or by direct contact may be made. Corres-
ponding to the cathode-ray tube presentation, three
divisions of inspection are used; direct inspection,
indirect inspection, and semi-direct inspection. A
separate adjustment of the equipment is required for
each method.

4-22

Figure 4-38. Adjustment for Sensitivity on Reference
Point - Transverse Waves at Short
Range

4-70. DIRECT METHODS OF INSPECTION.

4-71. Single and Double Transducer Reflection Method.
By using either a single or double transducer method
of inspection, the defect in the inspected part is
directly located and a comparison is made between
the amplitudes of the defect and the back reflection.
The approximate size of the defect in the inspected
part is determined by the ratio of the amplitudes
of the defect and the back reflection. (See Figure 4-40).

4-72. High Range Reflection Method. A number of
multiple back reflections will occur when range is
increased. Certain defects will not give an immediate
indication but will give a reflection after the first
back reflection, which is caused by interference in
the near zone. (See Figure 4-41).

4-73. INDIRECT METHODS OF INSPECTION.

4-74. Shadow Method. The shadow method of inspection
is used when it is expected that large defects will
appear in coarse-structured parts such as castings.
The transmitted sound will be completely or partially
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4-77. Ultra-High Range Shadow Method. Contrary to
the normal shadow method of inspection where only
the first back reflection can be observed, the ultra-
high range shadow method makes use of combined
back reflections. The main difference between the
normal shadow method and the ultra-high range
shadow method is that in the ultra-high range shadow
method only the total energy received and not the
regularity of the indications is considered. All reflec-
tions are compressed into one indication. The ultra-
high range shadow method of inspection is used for
inspecting thin-walled cast materials. (See Figure
4-45).

4-78. SEMI-DIRECT METHOD. The semi-direct
method of inspection is a combination of direct and
indirect methods of inspection. In addition to observing
change in back reflection and the regularity of the
pattern in the semi-direct method, the appearance
of the defect indications is also considered.

4-79. SPECIAL METHODS. When irregularly shaped
parts are being inspected, it is often impossible to
receive a back reflection. The reflection method is
used without a back reflection under these circum-
stances. The transducer must first be placed at a
point where a back reflection is obtainable. The
equipment is then adjusted and inspection performed.
Care must be exercised with respect to the couplant.
Due to lack of back reflection, it is not possible to
check this method of inspection. Immersed scanning
is preferred in these cases.

Figure 4-39. Adjustment for Sensitivity on Reference
Point - Transverse Waves at High Range
and High Sensitivity

interrupted by the defect so that the amplitude of
the back reflection is decreased or completely elimin-
ated. The shadow method of inspection is performed
by placing two transducers opposite each other or on
the same surface beside each other. When thin parts
are to be inspected, the transducers should be mounted
at a slight angle to receive a direct reflection from
the transmitter to the receiver. A single transducer
is simpler to use in this case. (See Figure 4-42).)

4-75. Absorption Method. The absorption-method of
inspection is used to determine small flaws in the
inspected part. The equipment must be adjusted for
a high range. The regularity of the multiple back
reflections and the total energy received are a relative
measure of soundness of the material. Either single
or separate transducers may be used when inspecting
by the absorption method. (See Figure 4-43.)

4-76.   Attentuation Method. The attentuation method of
inspection is used to obtain information regarding the
structure of the part. The ratio of amplitudes of
the multiple back reflections is a relative measure
of the structure as illustrated in Figure 4-44. A
curve can be drawn across the tops of these reflec-
tions which gives a relative value for the grain size,
provided the inspected part is homogeneous. Figure 4-40. Direct Reflection Method of Inspection
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Figure 4-41. High Range Reflection Method of
Inspection

Figure 4-42. Shadow Method of Inspection

Figure 4-43. Absorption Method of Inspection
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4-80. SURFACE PREPARATION. The surfaces of a
part to be inspected should be smooth and free of
scale, loose paint, or other residue. Painted surfaces
are inspected without difficulty provided the layer
of paint is thin and has a good bond with the part
under inspection. Surface irregularities of welded
parts should be removed when the irregularities are
in the path of the ultrasonic transducer.

Figure 4-44. Attentuation Method of Inspection

Figure 4-45. Ultra-High Range of Shadow Method of
Inspection

4-81. THEORETICAL AND PRACTICAL ASPECTS OF ULTRASONIC
WELD INSPECTION.  

4-82. For ultrasonic weld inspection only angle trans-
ducers are used except for fillet welds. The sound
beam is transmitted through the parent metal and into
the weld. The parent metal therefore, should be free of
defects if the sound beam is to pass through the
metal readily. Freedom from defects in the parent
metal is determined by inspecting an area three inches
to six inches on both sides of the weld. Inspection
is made for laminar-type defects in the parent metal
by using a normal transducer with a frequency of
2.25 or 5 megacycles. The approximate extent of the
inspected area depends upon the thickness of the
parent metal. Figure 4-46 shows thickness of parent
metal and extent of inspected area:

Figure 4-46. Inspecting Parent Metal in Weld
Area to Locate Defects

4-83. Angles with respect to normal use in weld
inspection of steel are 35-, 45-, 60-, 70-, and 80-
degree angles. Frequency used is 2.25 megacycles
for regular angle transducers and a frequency of 5
megacycles is used for minature angle transducers.
Figure 4-47 shows the transducer angle used in
relation to plate thickness of the parent metal which
should be used as a guide only. Figure 4-48 shows
angles used for steel with respect to normal.
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Figure 4-47. Comparison of Angle Transducer
and Plate Thickness

4-84. The relationship between the angle transducer
used to inspect the weld and the shape of the weld is
of great importance. Where a critical area is in the
center of the weld such as an “X” weld, the weld
should be inspected with an angle transducer for one-
half plate thickness . (See figure 4-49). The optimum
angle to detect lack of weld fusion is the complement
angle of the weld opening as indicated in Figure 4-50.
Welds in heavy plate thicknesses may have to be
inspected in tandem with the transmitter placed near
the weld as illustrated in Figure 4-51. A calculator,
as described in paragraph 4-91 is used to determine
factors described in paragraphs 4-62 and 4-83.

Figure 4-48. Angles of Refraction for Steel with
Respect to Normal

4-85. The exact location of a reflecting surface in
a weld is necessary to determine the location and
relative size of the defect. The sound path can be
determined mathematically as illustrated in Figure
4-52 and as follows for a full skip “P” of the sound
path.

Figure 4-49. Transducer Choice for One-Half Plate
Thickness

Figure 4-50. Optimum Angle Used in Detecting Lack
of Fusion

4-66. When the sound path exceeds s/2 calculations
can be determined by using the mirror image as
illustrated in figure 4-53 and as shown in this
example :
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Stated: 1) Angle of refraction 60 degrees
2) Distance from point of incidence

to center of weld 4.625 inches
(on surface)

3) Distance from point of incidence to
defect 5.5 inches (sound beam path)

Determine: 1) Location of defect with respect to
center of weld

2) Depth of defect under surface

Solution: a = c x Sin 60° = 5.5 x 0.866 =
4.76 inches

b = c x Cos 60° = 5.5 x 0. 500 =
2.75 inches

Location from center of weld 4. 76 - 4. 625 = 0.135
inch away from transducer.

Depth under surface = 2t - b = 4.0 - 2.75 = 1.25
inches or the depth under the surface

AB = FE = 2.0 inches
AC = AB : 2 0" = 4 0"

COS 60° 0. 5
AC + CD = 5. 5"
CD = 5. 5" - 4. 0" = 1. 5"

(Identities from the Mirror Image)

CX = CD; LXCE = LDCE = 30° ; DE = EX
EX = (Sin 30°) (CX) - (0. 5) (1. 5") = 0. 75"
FX = FE - EX = 2. 00" - 0. 75" = 1.25"

4-87. Calculations described in paragraph  4-86 are too
involved for proper application in field work. The use
of a direct-reading calculator is required for ultra-
sonic inspection as described in paragraph 4-91.

4-88. ULTRASONIC INSPECTION OF WELDS.
Examples for the inspection of welds by ultrasonic
techniques are given in the following step-by-step
procedures and must be performed in sequence as
shown:

a. Connect  5mc transducer  (longitudinal) w ith the
proper cable to the ultrasonic instrument  (only equip-
ment  fulfilling  the requirements  outlined in paragraph
4-36).

Figure 4-52. Sketch for Determining Sound Path

b. Connect the ultrasonic instrument to the proper
power source.

c. Allow for stabilization  time as indicated by
manufacturer.

d. Adjust ultrasonic instrument for 10-inch
soundpath for transverse waves utilizing an ultra-
sonic reference block.

4-89. PROCEDURE FOR USING INTERNATIONAL
INSTITUTE  OF WELDING ULTRASONIC REFERENCE
BLOCK.

a. Place 5mc transducer (longitudinal) on the
reference  block as shown in Figure 4-54.

b. Adjust pattern  with FINE RANGE CONTROL
so that 5 reflections occur equally  spaced across the
cathode-ray   tube. (See figure 4-54.)

c. Connect  proper angle transducer to the coaxial
cable  and place the angle transducer on the reference
block in the position as shown in figure 4-55.

d. Adjust the pattern with the HORIZONTAL
POSITION  CONTROL in such a way that the reflection
from the arc occurs exactly at the 4-inch mark.
(See Figure 4-55).

e. Increase the SENSITIVITY to such a level
that the reflections from the 0.060-inch hole and
from the 90-degree groove can be recognized. These
reflections should occur at the 8- and 9-inch mark.
Read just with FINE RANGE CONTROL if necessary.
(See figure 4-56, cross reference paragraph  4-61.)

Figure 4-51. Tandem Inspection of Welds
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f .  Place angle transducer in the position as il-
lustrated in figure 4-57 and move the angle trans-
ducer until a maximum reflection from the hole is
obtained.

g. Adjust the SENSITIVIY so that the amplitude
of the reflection is exactly as given in the specification.

4-90. DETERMINING WITH VISUAL AIDSOUND PATH
IN THE MATERIAL. The visual aid method is based
on the calculation given in paragraphs 4-85 and 4-86.

a. Sketch a cross section on graph paper of
the material showing the weld.

b. Draw the sound path in the cross section
depicting it as a zig-zag line. Use the exact angle
as indicated on the transducer.

C. Mark the sound path in 0.5-inch divisions or
smaller if necessary. When a reflection occurs on
the oscilloscope pattern make a note of the distance
from the point of incidence to the center of the weld
and the length of the sound path.

b. A transparent slide card holder which can
be slipped over the calculator card and on which a
sketch of the weld can be made.

c. A ruler attached to the transparent slide
for drawing lines.

d. Mark the center of the weld on the graph
and sketch the outline of the weld around it. Mark
the length of the sound path on the zig-zag line. The
location of the defect is now determined with respect
to the weld and its depth under the surface and posi-
tion with respect to the center of the weld. The
use of a special calculator will enable the inspector
to perform this task with ease and speed.

NOTE

The reverse side of the calculator card
provides space for recording information
of the inspected part.

4-93. CALCULATOR USE. The use of the calculator
is explained in the following examples:

4-91. DIRECT READING ULTRASONIC CALCULATOR
CARD. The direct reading calculator card is used to
determine factors necessary for ultrasonic weld in-
spection when two factors are known:

a. Plate thickness of inspected part.

b. Angle of transducer used.

4-92. The calculator card consists of three parts.
(See Figure 4-58).

a. A card having a grid scale division along both
the x and y axes and an arc illustrating increments
from 35 to 90 degrees with respect to normal.

Figure 4-53. Calculation of Defect Location Using
Mirror Image of Weld
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Figure 4-59 (Example A)

GIVEN

Material Steel

Thickness 2 inches

Angle of transducer 60 degrees Fe.

Weld X - opening 30 degrees

a. Sketch sound path from “Point of Incidence
(i) through the 60 degree mark to the horizontal
line at 2 inches (point A). This is half the skip
distance as measured on the surface, 3-7/16 inch
(approximately). For full skip distance double this
distance (2 x 3-7/16 inches) and mark that point
at 6-7/8 inches (approximately) with point B. Draw
line from point A to point B, thus completing a
full skip. Mark the line depicting the sound path
in inches with ruler. Sketch weld on plastic slide
with engraved line as exact center. Slip calculator
card into plastic slide.

b. A defect reflection occurs at 5.5 inches, with
the point of incidence on the transducer at 4-5/8
inches from center of the weld.

c. Adjust centerline on plastic slide over 4-5/8
inch mark. Defect reflection occurs in the weld at
5.5 inches, that is 1 1/4 inches under the surface,
1/8 inch from center weld on the far side of the
transducer.

Figure 4-54. Checking Transverse Waves with
Longitudinal Transducer

d. By moving the transducer while scanning the
same weld a defect reflection occurs at 2 inches
with the point of incidence on the transducer 1 3/4
inch from the center of the weld (See figure 4-59,
Example B).

e. Follow procedures according to subparagraph
c. Defect occurs approximately 1 inch under surface
in the center of the weld.

Figure 4-59 (Example C)

GIVEN

Thickness 1 inch

Angle of transducer 70 degrees Fe.

Weld shape V with 30 degree opening

f . Sketch sound path and weld according to
subparagraph a for 1 inch material and 70 degree
angle.

g. A defect reflection occurs at 2-5/16 inch with
the point of incidence on the transducer 2-3/4 inch
from the center of the weld. (See figure 4-59,
Example C.)

h. Follow procedures according to subparagraph
c. Defect occurs 1 inch under the surface in center
of weld.

Figure 4-55. Checking Transverse Waves at
4 Inches
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Figure 4-56. Checking for Transverse Waves at
Higher Sensitivity to Obtain
Reflections at 4 Inches, 8 Inches,
and 9 Inches

i .  By moving the transducer while scanning
the same weld a defect reflection occurs at 3-3/4
inches with the point of incidence on the transducer
at 3-3/4 inches from the center of the weld (See
figure 4-59, Example D.)

j. Follow procedures according to subparagraph
c. Defect occurs approximately 5/8 inch under the
surface approximately 1/4 inch from the center of
the weld on the transducer side.

4-94. The direct reading calculator will indicate the
following:

a. The extent of movement of the transducer in
scanning the whole weld.

b. Determine in advance the proper angle and
location of the transducer by using the calculator
in reverse.

C. To report information by sketching the cross-
sectional area of the weld on the card with other
pertinent data, such as the sound path and location
of the weld defect.

4-95. The location and reflection pattern of a weld
defect indicates its nature in many cases. For
example, the logical conclusion of the weld defects
described in figure 4-63, Example A is lack of
fusion; figure 4-63, Example B, lack of penetration,
figure 4-63, Example C, lack of penetration, and in
figure 4-63, Example D, lack of fusion. Reflection
patterns for gas, slag inclusions, and seams are
illustrated in figure 4-60. A gas inclusion will give a
relatively small reflection from all directions be-
cause it has a spherical shape. A slag inclusion
has an irregular shape and its reflections will vary
from all directions (see figure 4-60). Defects such
as cracks, or seams lacks of penetration, and lack
of fusion are direction sensitive and will only give
a maximum reflection when the sound beam is per-
pendicular to their general direction. Any change
will decrease the amplitude of the reflection abruptly,
as illustrated in figure 4-60. Reflection patterns
are graphically presented in figure 4-61. The follow-
ing are procedures for scanning weldments to locate
defects.

a. Place the angle transducer on the material at
a distance of P/2 from the center of the weld.

b. Determine this distance with the aids de-
scribed in paragraphs 4-90 through 4-95. In this
manner a reflection will be obtained from the root
of the weld (V-weld). For “x” welds the distance
should be chosen so that P/2 reflects from the
far side (or far top) of the lower weld bead as
shown in figure 4-62.

c. Move the angle transducer systematically
back and forward while scanning parallel to the
weld. Follow the pattern shown in figure 4-63.Figure 4-57. Checking  Sensitivity
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Figure 4-58. Calculator Card with Ruler and
Slide

d. The length of the back and forward move-
ment depends on the thickness of the plate and should
be such that the complete weld is covered. Determine
this with the visual aids described in paragraphs
4-90 through 4-95.

4-96. Use the following angles with thickness of
materials as indicated:

MATERIAL THICKNESS ANGLE IN DEGREES

0.25 in. 80

0.375 in. 75

0.500 in. 70

1.000 in. 60 - 70

1.500 in. 60

2.000 in. 45 - 60

2.500 in. 45

more than 2.500 in. 45 and 35

Figure 4-59. Examples for Use of Weld Calculator
(Sheet 1 of 2)
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Figure 4-59. Examples for Use of Weld Calculator
(Sheet 2 of 2)

4-97. If the wall thickness of the material under
inspection is not known or lacks accuracy the fol-
lowing measurements are mandatory.

a. Use 5mc or 2.25 mc transducer (longitudinal)
depending on the material. The highest frequency
has preference because of better resolution.

b. Place the transducer on the reference block
as described in paragraph 4-54. If 0.5 inch thickness
reference block is used, the transducer should be
placed as illustrated in figure 4-63 at a 0.5-inch
range setting.

c. Adjust pattern with FINE RANGE control so
that 10 reflections occur equally spaced across the
cathode-ray tube display at every one-half inchmark.

d. Place the transducer on the material under
inspection and obtain multiple back reflections. The

position of these back reflections is an indication
for the thickness of the material. If, for example,
the first reflection occurs exactly between the 0.5
inch and 1.0 inch mark the wall thickness is 0.75
inch. Increase accuracy by using more than one
back reflection in the calculations. An example is
illustrated in figure 4-65 where an unknown thick-
ness is compared to the known thickness.

4-98. Accessories to facilitate the determination of
wall thickness are available for several types of
ultrasonic instruments; three methods are used.

a. Mechanical. An attachment is placed in front
of the cathode-ray tube display. Two moveable pointers
with micrometer adjustment are placed on the reflec-
tions and the thickness read directly. The difficulty
is the paralax and increasing inaccuracy at smaller
thicknesses.
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Figure 4-60. Reflection Patterns for Basic Type
Defects

b. Comparator. Two transducers are used. One
transudcer is placed on the material under inspection.
The other transducer is constructed in the attach-
ment. The later is placed in a column of liquid in
which a reflector is placed. The distance between
the reflector and the transducer can be varied. When
the first transducer is placed on the material under
inspection, the reflection from the attachment is lined
up with the reflections from the material by adjusting
the reflector. The reflector is mechanically con-
nected to a direct reading scale. The drawback is
that lining up of the reflections becomes difficult
at smaller thicknesses (see figure 4-66).

c. Electronic. When the transducer is placed
on the material a number of back reflections will
occur in a definite time. This actually constitutes a
frequency which depends on the thickness of the
material. A second variable oscillator is placed in
the attachment. When this oscillator is operating at
the same frequency as that generated by the number
of back reflections, a maximum amplitude will occur
which is visible on the cathode-ray tube display.
A direct reading scale on the variable oscillator is
calibrated in wall thickness. The patterns obtained
with this system are shown in figure 4-67. The
drawback is that at least several multiple back
reflections should occur or otherwise the measure-
ment becomes impossible.

4-99. Thickness devices are usually calibrated for
steel. Recalibration is necessary for other materials.
The use of a factor is often more convenient. The
factor is determined as follows:

C material X = X thickness
C Fe. Fe thickness

Example :

Material under Aluminum, Sound 6300 m/set
inspection velocity

Reference block Sound 5900 m/set
steel velocity

Measured wall thickness 1.00 in.
in steel

Calculations: 6300 = X; X = 1.07 in.
5900 1 in

4-100. Water alone is used as a couplant for the
ultrasonic inspection of any materials that will be
in direct or indirect contact with oxydizing liquids
or gases.

Figure 4-61. Graphic of Reflection Patterns
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Figure 4-62.. Reflection from Weld Bead

4-101. The classification of a weld will depend on
the following :

a. Number of defects.

b. Nature of defects.

c. Area of defects.

Classifications a and b will, in many cases, be the
criterion for acceptance or rejection. The length
of the defect can be determined in the manner as
illustrated in figure 4-66. For defects where the
diameter approaches the length, a direct comparison
should be made with the classification charts or
radiographs. Should a back reflection be obtainable,
a comparison of the defect reflection can be made
with the back reflection as illustrated in figure 4-69.
The transducer is first placed on a sound part of the
material and an attenuation curve traced. Secondly,

the maximum amplitude and location of the defect
reflection is determined. If the defect is as large
or larger than the transmitting crystal, a reflection
equivalent to the back reflection is received at that
point. This is the theoretical. back reflection which
can be determined from the attenuation graph. Thus
the approximate area of the defect is F.T (T equals

the transmitting area of the transducer.) AS the defect
seldom has as smooth a reflecting surface as the
back reflecting surface, inaccuracy is inherent to
these measurements. An advantage over  the use of
artificial. defects of known dimensions is the fact
that the same material. with the same acoustical
properties is used, while interference is kept to a
minimum or constant.

4-102. Based on the number type and size of defects
the weld may be classified according to the suggested
procedure in paragraph 4-104. In some cases the
use of a dual transducer system for the inspection
of welds may be necessary. In figure 4-70 this
system is schematically presented.

4-103. Figure E-5 lists the A.S.A. pipe schedules.
Figure E-6 lists steel tubing specifications with
relevant ultrasonic data.

Figure 4-63, Scanning Pattern for Ultrasonic Weld
Inspection
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Figure 4-64. Adjustment for Thickness Measurement

Figure 4-65. Comparison of Thicknesses with
Multiple Back Reflections
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Figure 4-66. Comparator Method of Inspection

Figure 4-67. Electronic Comparator Method of
Inspection
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Figure 4-68. Determining Length of Defect

Figure 4-69. Approximate Defect Size
Determination

Paragraphs 4-104 to 4-108

4-104. SUGGESTED PROCEDURES FOR CLASSIFICATIONS OF
WELDS.

4-105. Figures 4-71, 4-72, 4-73, 4-74 and 4-75 list
five classes of weld quality complete with the radio-
graphs, ultrasonic oscilloscope patterns and sensi-
tivity levels. Cross sections of the welds are also
shown. Figure 4-76 shows the degree of acceptability
based on non-destructive tests, divided into five
classes. Figure 4-77 lists type designation, type of
weld defect and defect symbols used in ultrasonic
weld inspection. Defect type designations divide weld
defects into seven main catagories.

NOTE
The design engineer will indicate the mini-
mum classification of acceptability for all
welds. The classification shall appear in
the engineering data for the respective
weld(s). Assistance in establishing accep-
tance and rejection standards by the design
engineer can be obtained from the “Tenta-
tive Reference Radiographs for Steel Welds,
ASTM designation E99-55T or the Reference
Radiographs of the International Institute
of Welding.”

4-106. DESCRIPTION OF WELD DEFECTS. Refer to
figure 4-78 for description of weld defects with
regard to cause, nature, and characteristic pattern
on radiograph.

4-107. DESIGN AND MANUFACTURE OF WELD IN-
SPECTION STANDARDS.

4-108. It is impossible to have available inspection
standards which cover every possibility. Whenever
warranted a standard can be originated utilizing
non-destructive testing methods other than ultra-
sonics. A sample must be welded whereby the same
material, shape, and dimensions are used as far as
possible. The sample is radiographically inspected
using optimum techniques, that is; fine grain film
and exposures from three directions as shown in the
classification charts figures 4-71 through 4-75. The
weld is also subjected to magnetic particle inspection
if the material is ferro-magnetic or fluorescent
penetrant inspection for non-magnetic materials. A
thorough visual inspection of the weld is essential.
Defects found in the weld are clearly marked and
identified. Should the weld be perfect, another sample
must be made by a less experienced welder. When
the level of acceptability for the sample weld has
been established, an ultrasonic inspection is per-
formed under supervision. The sensitivity adjustment
levels are established according to paragraph 4-65.
Photographs of the screen patterns characteristic for
certain defects should be made. With this information
a similar classification chart can be drawn up as
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Figure 4-70. Dual Transducer System for Inspecting
Welds

Figure 4-71. Class I Classification of Welds
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Figure 4-72. Class II Classification of Welds

shown in figures 4-71 through 4-75. Also, the neces-
sary information regarding frequency, type of trans-
ducer and, couplant must be given. If sufficient
samples are available, a metallurgical test of the
defective weld areas will give valuable additional
information which represents a macro-examination
and a corresponding ultrasonic cathode-ray tube
display (see figure 4-79). Where mechanical proper-
ties are to be correlated with the cathode-ray tube
display, a specimen may be taken from the question-
able weld area for tensile or bond test. An example
is illustrated in figure 4-80 This information can be
used in preparation of acceptance and rejection
standards for weld inspection.

4-109 EDDY CURRENT METHODS OF INSPECTION.

4-110. BASIC EDDY CURRENT THEORY. The
eddy current system of non-destructive testing and
inspection of parts is based on three principles.

a. A primary magnetic field is established by
introducing an alternating current through a coil.
The primary magnetic field has an overall field
strength designated as HP (See figure 4-81).

b. When the coil is placed in the vicinity of a
material such as aluminum or copper, the rapidly
alternating magnetic field Hp induces eddy currents

which flow in a circular direction in the test part.

C. The eddy currents cause a secondary mag-
netic field, which is less than and opposed to, the
primary magnetic field Hp. The secondary magnetic;
field is designated     

4-111. The field intensity of the coil is first meas-
ured without reference to its proximity to a test
part. The coil is then placed against the test part and
the intersity of the coil is measured in that position.
It is observed that the intensity of the coil is now
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Figure 4-73. Class III Classification of Welds

less than the original measurement and is equal to
H minus  H

p 
. Thus two magnetic fields exist which

are imposed upon each other, indicating that a dif-
s

ferent magnetic field exists when the test coil is not
adjacent to the test part and when the test coil is
adjacent to a test part.

NOTE
The change in the field intensity of the
coil where the coil is less than the original
measurement is equal to H

P
minus H

s,

is only true where non-magnetic test parts
are used.

4-112. Figure 4-82 illustrates a test coil with the
primary magnetic field designated as HP and the test

part inserted in the coil, having induced eddy cur-
rents designated as H  which is the second magnetic

field. The same effect of inducing a second magnetic
field can be had by inserting the test part within the
coil instead of placing the test part adjacent to the
test coil as illustrated in figure 4-81.

4-113. TEST COILS. Test coils are characterized
electrically as having two values:

a. Inductive reactance             L.

b. Ohmic. resistance R.

4-114. Figure 4-83 illustrates the inductive reactance
  L plotted on the y axis and the ohmic resistance
R plotted on the x axis. When both the reactance and
ohmic resistance of the test coil is measured without
reference to a test part, the impedance of the test
coil is determined by finding the vectorial sum of
the two values. As soon as the test part is placed
against the test coil, the original magnetic field of
the test coil changes as a result of the superimposed
eddy current field induced in the test part. The varia-s
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Figure 4-74. Class IV Classification of Welds 

tion of the test coil field has the same effect as the 
characteristics of the test coil itself would have 
changed, so that the effect of the test part on the 
test coil is described as a variation of the test coil 
characteristics as a result of the change of impedance. 
Figure 4-83 illustrates this variation where PO 

JLo and Ro) represent the impedance of the test 

coil, without reference to a test part, and which 
variation is displaced by the change in impedance 
to P1 ( LL and R1), when the test coil is placed 

against the test part. Three values can be measured 
and are an indication of the change in impedance 
which has taken place. These values are: 

a. The distance from the points PO to P1 - 

. . . . . . . . . . . . . . . . . . . . . . . Magnitude 

b. The angle oc , direction of the change - 
. . . . . . . . . . . . . . ..-..... Direction 

c. The rate of change in moving along the 
distance PO to P1 

. . . . . . . . . . . . . . . . . . . . . . Rate 

4-115. PROPERTIES OF TEST PARTS AND EQUIP- 
MENT CHARACTERISTICS. 

The variation of impedance in the test coil is affected 
by properties of the test part such as electrical 
conductivity, dimensions, magnetic permeability, and 
presence of heterogeneities. The impedance change in 
the test coil is also affected by variables in the test 
part such as alloy, hardness, heat-treat condition, 
structure, impurities, stresses, diameter change, 
thickness change, density change, surface condition, 
temperature, defects, etc. 

4-116. Impedance of the test coil is also affected by 
the following characteristics of the test instrument: 

a. Frequency of the alternating-current field of 
the test coil. 

b. Size and shape of the test coil. 

c. Distance of the test coil from the test part. 
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Figure 4-75. Class V Classification of Welds

4-117. MEASURING IMPEDANCE. When the same coil
is placed in the same way in a test part and the im-
pedance of the coil is measured as to magnitude,
direction, and rate, and relate one or more of these
changes to a change in material properties in the
test part, the performance is that of non-destructive
testing of test parts with the use of eddy currents.
The change in coil impedance can be measured by
placing a secondary, or pickup coil, inside the primary
coil in such a way that when the test part is placed in
the test coil, it is within both the primary and the
pickup coil. By connecting a sensitive meter across
the leads of the pickup coil, the change in impedance
of the primary coil varies the current flowing through
the pickup coil and thus the voltage across the coil.
This arrangement detects changes in magnitude of the
coil impedance only. Phase-sensitive circuitry is
necessary to detect variations in the direction of
the impedance change. Were a test part to consist of
a rod which completely fills the test coil, the coil
impedance will vary as indicated in figure 4-84.
The x values are given in terms of ohmic resistance
R and the y values in terms of inductive reactance
        L.

4-42

4-118. All test parts have a characteristic frequency
designated as fg which is calculated by the formula:

Where: 1/p = Conducitivity per ohm per square
miillimeter

    = 4 Permeability

d = Diameter of the rod

The characteristic frequency of the test part fg (see

figure 4-84), bears an important relationship to the
operating frequency f of the test coil. Assuming that
the resistance of the test coil is negligible, without
reference to a test part, the impedance of the test
coil is indicated at the upper end of the curve.
By calculating the characteristic frequency fg’

then

the ratio f/fg equals 1.0. The coil impedance with the

test rod inserted in the test coil is then represented
by the point marked 1.0 on the curve.
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4-119. Were the test rod to be replaced by another
rod which is identical in every respect to the first
rod (a rod which completely fills the test coil)
except that conductivity 1/p is four times greater,
the coil impedance will change. The characteristic
frequency   will decrease as conductivity increases.

The decrease in characteristic frequency will increase
the ratio     and this ratio increases with increasing

conductivity. The impedance of the test coil, when
using the second test rod, will increase and is repre-
sented by the point 4.0 on the curve (See figure 4-84).
The rod completely fills the test coil. The points
along the curve are marked at various values of the
ratio of the operating frequency to the characteristic
frequency of the test part f/fg as the conductivity of

the test rod is increased and all other values, includ-
ing the operating frequency f, are held constant.
The change in coil impedance will change the magni-
tude and the phase of the voltage across the coil. It
is essential that either the change in magnitude and
the phase of the voltage, or both, can be detected.
Assume that a series of rods be used with this test
coil, which are identical in every respect, except
that the diameter varies. The ratio of the cross-
sectional area of the test part to the cross-sectional
area of the test coil, is termed the fill factor and
designated as n. (See figure 4-85). The illustration

shows test coil impedance curves for various values
of the fill factor n. The curve indicated by n = 1.0
is the same curve illustrated in figure 4-84, where
the rod completely filled the test coil. The curve
n = 0.75 indicates changes in coil impedance caused
by rods filling only 75 percent of the test coil and
differing only in conductivity. The curve n = 0.050
indicates rods filling only 50 percent of the test coil.
Broken lines shown in figure 4-85 represent changes
in coil impedance when the conductivity of the test
rods is constant and only the diameter varies. The
change in coil impedance caused by a change in
diameter differs in phase from the change in imped-
ance caused by a change in conductivity.

4-120. Although phase-sensitive circuits can dis-
tinguish between changes in diameter and changes in
conductivity, differentiation in changes is much easier
in the higher f/fg ranges where the angle between the

curves is much greater than the angle between curves
in the low f/fg ranges when the curves are practic-

ally parallel. The operating frequency should be
increased to result in an f/fg ratio greater than four,

for this differentiation. The use of a phase-sensitive
circuit is further advisable as indicating that a crack
in the test part will change the impedance in still
another phase than either fill factor or conductivity.

Figure 4-76. Classification of Weld Defects and Degrees of Acceptability
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Figure 4-77. Classification of Welds and Weld
Symbols
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Figure 4-78. Description of Weld Defects
(Sheet 1 of 2)
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Figure 4-78. Description of Weld Defects
(Sheet 2 of 2)
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Figure 4-79. Lack of Penetration with Characteristic
Cathode-Ray Tube Display

4-121. Figure 4-86 illustrates impedance changes
caused by surface and sub-surface defects, conduc-
tivity, and fill factor. Assume that point A represents
an impedance of a good test part. A decrease in
diameter of the test part to one percent, brings the
impedance to point B. An increase in diameter of
the test part changes the impedance along the line
of fill factor in either way. An increase of conduc-
tivity of five percent changes the impedance to
point C along the line of conductivity. A surface
crack of 20 percent of the wall thickness of the
test part changes the impedance along the line of
conductivity to point D. A 3.3 percent defect of
the wall below the surface of the test part, and having
a depth of 30% of the wall thickness will change the
impedance along the line to point E. Cracks in the
test part at other positions, with respect to the surface
will change the impedance along any line between
points D and E. Any point along the circle illustrated
in figure 4-86, with point A representing the center
of the circle and the impedance of a good test part,
has the same magnitude of impedance change but a
different phase. For example :

a. One percent in diameter.
b. Seven percent change in conductivity.

c. Five percent depth of a surface crack.
This means that the use of phase sensitive equip-
ment is necessary for many applications.
4-122. DEPTH OF PENETRATION. The effective
depth of penetration of eddy currents is that depth
where the magnitude of the eddy currents is de-
creased to one-third of the magnitude at the surface.

This depth of penetration depends on:

a. Permeability.

b. Conductivity.

c. Frequency.

Depth of penetration is calculated as follows:

4-123. INSTRUMENTATION.

4-124. The basic principle of operation for all eddy
current equipment is illustrated in the block diagram
figure 4-87. An alternating-current signal is generated
by an oscillator. This signal is amplified and applied
to a solenoid which is part of the measuring circuit.
The impedance variations of the solenoid, due to the
measuring conditions, are amplified and indicated on
a display system, (oscilloscope, meter, tape recorder,
etc.) The frequency of this signal, which is applied
to the solenoid, can vary from 60 cycles up to 1 mc,
though usually the following frequencies are standard.

60 cps, 360 cps, 1 kc, 5kc, 10kc ,15kc, 25kc,

60 kc, 100 kc, 125 kc, 200 kc, 625 kc.

4-125. The use of a frequency depends on the appli-
cation. In general it can be noted that the lower the
electrical conductivity of the material the higher the
frequency and the higher the electrical conductivity
the lower the frequency must be. In figure E-7, a list
of the electrical conductivities in percent of the
International Annealed Copper Standard for a number
of non-magnetic materials is given. For calculation
into specific resistivity the following formula is used:
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Figure 4-80. Ultrasonic Radiographic and Metallurgical Data of Weld Sample
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Paragraphs 4-126 to 4-127

Figure 4-81. Test Coil Adjustment to Test Part
Indicating Primary and Secondary
Magnetic Fields

Figure 4-82. Test Part Inserted in Test Coil
Indicating Primary and Secondary
Magnetic Fields

Figure 4-83. Variations in Test Coil Impedance

4-126. CRITERIA. The acceptance level of eddy cur-
rent equipment can in principle only be determined
electronically. However, the possibility exists to
test the instrument in a practical test by measuring
the differences in impedance between known samples.
The instruments are calibrated according to the pro-
cedures given by the individual manufacturer. Follow
these instructions carefully.

4-127. POSSIBLE AND IMPOSSIBLE WELD INSPEC-
TION WITH EDDY CURRENTS. It is impossible to
detect defects with eddy currents in welds when the
material thickness exceeds the depth of penetration.
In addition, the roughness of the weld bead will
interfere with a stable reading while the metallur-
gical changes in the material, due to welding will
also make this detection impossible. At present it
was not feasible to determine with eddy currents
the presence of carbide precipitation. Ultrasonic
inspection provides a possibility for the detections
of carbide precipitation.
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Figure 4-85.  Test Coil Impedance Curves for Various
Figure 4-84. Variations in Test Coil Impedance Values of Fill Factor

4-128. PRINCIPLES OF OPERATION-INSTRUMENT
MAGNATEST ED-300: (See figure 4-88). The ED-300
instrument is a low-frequency poser-loss measuring
instrument for ferro-magnetic metals. The operating
frequency of 360 cycles per second was selected to
provide for reasonably effective penetration, well
below the surface scale, oxides, etc., and also of
sufficient power to overcome the magnetic inertia
(domain mobility threshold) for most engineering
steels. Also, the frequency must be as high as
possible to keep the probe to a practical physical
size, and again, be not too high and exceed the
magnetic inertia (domain mobility) limit of engin-
eering steels. Measurements made with the ED-300
may, in general, be considered as power-loss meas-
uremcnts, or measurements primarily due to eddy
current and hysteresis losses.

metal, alternating magnetic fields are induced in the
metal, These fields, in turn, will induce circular
counter-currents (eddy currents) within the metal.
The respective counter field developed by eddy
currents will oppose the applied field with a magni-
tude and phase dependent on the resistivity and
permeability of the metal. Both of these charac-
teristics vary with analysis and structure; permea-
bility being by far the greatest affected. The losses
associated with each cannot be measured indepen-
dently of each other, using alternating magnetic field
techniques, but their sum can be indicated on the
ED-300 meter.

4-130. OPERATING INSTRUCTIONS FOR ED-300
INSTRUMENT. Front panel controls for the ED-300
instrument are as follows:

4-129. When an alternating current is made to flow a. BALANCE CONTROL - To position meter  
through a coil held in proximity to a ferromagnetic pointer
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Figure 4-86. Impedance Changes Caused by Surface
and Subsurface Defects

b. COMPENSATOR CONTROL - Enables com-
pensation to various types of surface conditions.

c. SENS-CAL CONTROL - Controls instrument
sensitivity and Permits instrument calibration.

4-131. Operate the ED-300 instrument as follows:

a. Connect the line cord to a 115 volt, 60 cycle
power source.

b. Connect the probe or coil and cable to the unit.

c. Turn power switch to ON. The pilot lamp
will light, indicating the unit is in operation.

d. Turn the SENS-CAL control to MAX-SENS
position.

e. Allow at least one -quarter hour initial warmup
to permit tubes and other components to reach stable
operating conditions.

f . Place the probe ball tip on the surface of the
metal to be measured and adjust BALANCE control
to position the meter pointer on-scale.

g. Place a small piece of ordinary writingpaper
between the probe tip and metal surface. Note meter
reading difference (if any). If the meter reads lower
with the Probe on the paper than on the bare metal
surface, turn COMPENSATOR control clockwise,
repeating test until the meter reads exactly the
same with probe on paper and on bare metal.

NOTE
The reverse procedure should be followed
if the meter reads higher with the probe
on the paper than on the bare metal sur-
face. During this compensation adjustment,
it may be necessary to use the BALANCE
control to keep the meter pointer on-scale.
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Figure 4-87. Basic Block Diagram for Eddy
Current Instrument

4-132. The purpose of the paper-metal compensation
adjustment is to simulate a condition known as
“intermediate layer” and provide a simple means to
adjust the instrument to normal production surface
roughness conditions. This type of adjustment and
compensation is necessary to obtain the reproduc-
ibility of measurement. The ED-300 instrument can
also be compensated for surface conditions or varia-

tions without the use of a paper spacer or shim. For
example, a ground to as-cast surface compensation
can be carried out in the same manner by sliding the
probe from ground to cast surface, noting the meter
difference and making the necessary compensator
control adjustment.

4-133. CALIBRATION PROCEDURE FOR ED-300
INSTRUMENT. For the purpose of taking and per-
manently recording data and comparing measure-
ments between different groups of samples, or on
other ED-300 instruments, the following calibration
procedure can be followed:

a. Follow operating instructions outlined in para-
graph 4-130. The only difference in the metal surface
or metal referred to in paragraph 4-130, subpara-
graphs f and g, is the ED-300 calibration sample
marked “MED”.

b. Place the probe on calibration sample marked
“LO” and adjust the BALANCE control so that the
meter reads the stamped value.

c. Place the probe on sample marked “HI”;
the meter will read considerably higher than the
value stamped on this sample. Adjust SENS-CAL
control until meter reads the value stamped on this
sample.

d. Repeat steps b and 5, using both the BALANCE
and SENS-CAL controls to obtain the meter readings
stamped on the “HI” and “LO” calibration sample.
Placing the probe on the “MED” sample should
provide the meter reading stamped on it. The instru-
ment is now calibrated and although the sensitivity
is greatly attenuated, most engineering steels will
fall somewhere within the limits of the meter scale
providing a reference measurement for permanent
data recording or comparison purposes. Units of
measurement are read directly from the meter
scale 0-500.

4-134. There is a limit or minimum sample size for
which the units are comparable and valid. This size
is approximated by the calibration samples. The
meter scale of the ED-300 instrument is calibrated
in units of 0 to 500 microamperes. This is a basic
meter movement and the units have a relative value
only. As explained in paragraph 4-128, the instru-
mentation measures the power losses in a metal
under a probe by the induction of a 360-cycle field
in the metal. Under these conditions, the losses are
attributed mainly to hysteresis, and to a secondary
degree, to resistivity. Since there is no absolute
units of such measurements under these conditions,
and for the necessity of permanent data recording,
standardization between units and exchange of appli-
cation information, the ED-300 meter scale hence-
forth will be referred to as E.C. units.
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a. Calibrate equipment as described in para-
graph 4-133.

b. Place probe on material at least 12 inches
away from any welded area.

c. Move the probe slowly towards the welded
area and note the point where read-out indication
changes. This change will be relatively slow and in
many cases starts close to the weld.

The eddy current units provide other rule-of-thumb
relationships between chemical and structural dif-
ferences associated with ferromagnetic materials.
The graphs, figures 4-89 and 4-90, will provide a
general idea of how the units and the more common
variables are related.

Figure 4-88. ED-300 Instrument As the carbon contents will decrease in the heat
affected zone, the meter reading will be higher as
is indicated in the graphs in figure 4-90.

4-135. Paragraph 4-133 describes the calibration
sample and steps necessary to accomplish calibra-
tion. Once the unit has been calibrated, an appreciable
amount of valuable information of a general nature
can be obtained from the relationship of units to
structural and chemical differences in a ferromag-
netic metal. Although the E.C. units have no direct
relationship to any other type of absolute unit of
measurement, a certain “loose” relationship does
exist and can be stated as follows: “The higher the
E.C. unit, the higher the permeability.”

4-137. EDDY CURRENT INSPECTION OF STAINLESS
STEEL AND OTHER LOW CONDUCTIVITY NON-
MAGNETIC  MATERIALS USING  ED-500 INSTRUMENT.
(See figure 4-91.)

4-138. Operate the ED-500 instrument as follows:

4-136. DETERMINATION OF HEAT AFFECTED
ZONE IN FERROMAGNETIC MATERIAL. To deter-
mine the heat affected zone in ferromagnetic material,

a. Connect the probe to the ED-500 instrument.
Turn the instrument on and allow at least 15 minutes
to warm up.

b. “Frequency Control” setting required :

PERCENT l.A.C.S. FREQUENCY CONTROL
SETTING

proceed as follows : up to 15
-

2 or 1 (100 - 120 KC)

Figure 4-89. Relative Eddy Current Values
Versus Hardness

Figure 4-90. Relative Eddy Current Values
Versus Carbon Content
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Figure 4-91. FD-500 Instrument

c. Set FREQUENCY CONTROL to the desired
position. Turn SENSITIVITY CONTROL to MAX.

d. Place the probe on a mid-range sample of
a metal to be sorted and adjust BALANCE CONTROL
until the meter reads mid-range or 250 microamperes.
Should the meter deflect down-scale as the probe is
placed on the sample, reduce FREQUENCY CONTROL
setting by one position.

e. Place a single sheet of ordinary writing paper
(0.002- to 0.004-inch thick) between the probe and
sample, and note the amount of deviation of the meter
from the initial reading without the paper.

f . By means of BALANCE and LIFTOFF controls
only, endeavor to maintain a meter reading of 250
microamperes for the probe on the bare sample and
through the paper shim. The two controls interact
and a combination of the two will give the desired
results, i.e. when the meter is adjusted to read 250
microamperes on a bare sample, a paper shim be-
tween the probe and the sample may cause the
meter to read, for example 350. By adjusting LIFT-
OFF control until the meter again reads 250, remove
the paper shim and with the probe now on the bare
surface, return the meter to 250 microamperes by
means of the BALANCE CONTROL.

g. Repeat this procedure several times. The
difference between the meter reading on the bare
sample and through a paper shim should be narrowed
to practically nothing by repeating the procedure.

In fact, a point can be reached whereby the inter-
mediate layer compensation can be accomplished
up to 0.01 inches of paper shims. Should the meter
reading differences increase during these adjustments,
reverse the procedure. That is, if the LIFTOFF con-
trol was used to bring the meter pointer down-scale
to 250, use the two controls for opposite purposes.

h. If the intermediate layer compensation cannot
be readily obtained and the LIFTOFF ADJUST control
is in the maximum clockwise position, reduce the
FREQUENCY CONTROL setting one position and set
the LIFTOFF control to its extreme counterclockwise
position.

i. Repeat intermediate layer adjustments.

j . When the instrument has been properly ad-
justed at maximum sensitivity, the spread on the
meter can be reduced by adjusting the SENSITIVITY
CONTROL until the limits of the range are well
within the limits of the meter movement.

4-139. DETERMINATION OF HEAT EFFECTED
ZONE IN STAINLESS STEEL AND OTHER LOW
CONDUCTIVITY NON-MAGNETIC MATERIALS.
Calibrate equipment as described in paragraph 4-133,
and operate as follows:

a. Place probe on material at least 12 inches
away from any welded area.

b. Move the probe slowly towards the welded
area and note the point where the read-out indication
changes. This change will be relatively slow and in
many cases starts close to the weld.

4-140. DETERMINATION OF HEAT AFFECTED
ZONE IN NON-MAGNETIC MATERIALS WITH A
CONDUCTIVITY OF OVER 10 PERCENT I.A.C.S.
(INTERNATIONAL ANNEALED COPPER STANDARD).
USING FM-120 INSTRUMENT. (See figure 4-92).

4-141. CALIBRATION PROCEDURE FOR FM-120
INSTRUMENT. Calibrate the FM-120 instrument be-
fore use. When operated for long periods of time,
calibration should be checked at frequent intervals.
Each instrument is furnished with two calibration
samples. These samples have the conductivity values
stamped on them. The following adjustments should
be made when the instrument is received and prior
to each test period.

a. With switch turned off, adjust the meter
mechanically to zero by turning the small screw
directly below the meter face.
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Figure 4-92. FM-120 Instrument

b. Turn the switch to position B. No warm up
period is required. Position B connects battery
test circuit. If the batteries are satisfactory, the
meter needle will swing to the right and stop within
the red zone. If the needle does not reach the red
zone, batteries must be replaced.

c. Turn the switch to position 1; the lower sen-
sitivity. This setting can be used for measurements
when only approximate conductivity readings are
desired and can also be used during calibration.

4-142. CALIBRATION AT HIGH END OF DIAL,.

a. Set the index on the conductivity dial to the
red line at the high end of the scale.

b. Press the probe firmly against the high
conducitivity calibration sample.

c. Adjust the CAL-HIGH control knob so that
the meter reads zero.

4-143. CALIBRATION AT THE LOW END OF DIAL.

a. Set the index of the conductivity dial at the
red mark at the low end of the scale.

b. Press the probe firmly against the low con-
ductivity calibration sample.

c. Adjust the CAL-LOW knob so that the meter
reads zero.

NOTE
Because of inter-action in the circuit,
steps outlined in paragraphs 4-132 and
4-133 may have to be repeated so that
the meter reads zero for both the high
and low calibrations. Turn the switch to
position 2 (high sensitivity) and repeat
steps outlined in paragraphs 4-132 and
4-133 for the final calibration.

00-25-224 Section IV
Paragraphs 4-142 to 4-147

4-144. ACCURACY IN MEASUREMENTS. For obtain-
ing the most accurate measurements, the instrument,
calibration samples, and test part must be stabilized
at the same temperature. The accuracy is not de-
creased by temperature variations, provided the unit
is calibrated at ambient temperature. When tests
are performed, the probe must be firmly pressed
against a flat surface with a minimum diameter of
one-half inch. Any such flat surface of non-magnetic
sheet, stamped or cast parts may be used for the
conductivity measurement. If the radius of curvature
of a concave surface is less than 20 inches, the
accuracy of these measurements will be reduced. On
convex surfaces, a minimum radius of curvature
of 4 inches can be tolerated. Measurements are
independent of thickness, provided the material is
thicker than the depth of penetration of the eddy
currents. The depth of penetration is 0.030-inch
for materials having a conductivity of 98 percent
I.A.C.S., and 0.080-inch for materials having a
conductivity of 12 percent I.A.C.S.
4-145. ABSOLUTE MEASUREMENTS. When measur-
ing parts to obtain the absolute value of electrical
conductivity, hold probe firmly against the material
to be tested. Rotate the conductivity dial until meter
reads zero. The conductivity is then read directly
behind the hairline on the conductivity dial.

4-146. RELATIVE MEASUREMENTS. To determine
the heat affected zone, the absolute value of con-
ductivity is not required. All that must be known is
whether the conductivity is greater or less than a
given value, or that it lies between certain limits.
Also, adjustment of the dial to zero in each case
may be time consuming. In such cases, two samples
are selected having conductivities at upper and lower
limits. The conductivity dial and the switch are then
adjusted so that these samples produce a positive
and negative deflection on the front panel meter. A
greater needle swing (or sensitivity) will be noted
for small variations in conductivity when the switch
is in position 2, than when the switch is in position 1.
Production parts can now be tested without adjusting
the main dial; the deflection of the meter indicating
the relative conductivity or extent of the heat affected
zone. On round stock having a radius of curvature
less than four inches, a jig should be used to assure
that the probe is placed in the same position on
each piece.
4-147. The instruments stated in the paragraphs 4-128
through 4-133, cover the full range of materials for
determination of the heat affected zone. It is also
possible to detect the presence of surface cracks
with this instrumentation. The indication will reflect
a sudden decrease in conductivity and as such it can
be differertiated from the variations caused by the
heat affected zone, which are relatively slow. In
conclusion, it can be stated that the value of eddy
current techniques in the inspection of weldments
is limited to:

a. Relative measurements to determine extent
of heat affected zone.

b. Detection of cracks in parent material.
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SECTION V

WELDING PROCEDURE SPECIFICATIONS
FOR SHEET, PLATE, AND STRUCTURAL SHAPES

5-1. GENERAL.

5-2. This section presents preparation and welding
of sheet, plate, and structural shapes for the shielded
metal arc welding process, using covered welding
electrode.

5-3. REQUIREMENTS.

5-4. Preparation and welding of sheet, plate, and
structural shapes shall be performed in accordance
with the specific requirements of this Section and the
applicable requirements presented in Section III.

5-5. PREPARATION OF BASE METAL

To prevent injury, impact-type goggles or
face shield and approved safety equipment
shall be worn by personnel when engaged
in machining, grinding, and flame cutting
operations.

5-6. The edges or surfaces of parts to be joined by
welding shall be prepared by machining, grinding,
flame cutting, or other approved mechanical methods.
Prior to welding, all edges and surfaces shall be
thoroughly cleaned of all remaining oxides, oil, grease,
paint, dirt, or other foreign matter.

5-7. Grinding wheels used on material specification
American Society for Testing Materials (ASTM)
A 353-58 (9% nickel steel) shall be of alumina-oxide
or equal, wire brushes used for cleaning shall be
stainless steel. Grinding wheels and wire brushes
shall not have been previously used on carbon steels.

5-8. PLATE POSITIONS.

5-9. The plate positions applicable for these welding
procedure specifications are presented in Figures
5-l through 5-3.

5-10. BEVELS FOR SHEET, PLATE, AND STRUC-
TURAL SHAPES.

5-11. Welding edges of sheet, plate, and structural
shapes to be welded with a root opening shall be bev-
eled at 37-1/2 (±2-1/2)-degree angle leaving a 1/16
(+1/32)-inch root face land (see Figure 5-4).

5-12. Welding edges of sheet, plate, and structural
shapes requiring the lands to rest on a backing struc-
ture or a flat bar butt strap, shall be beveled at a 30
(+2-1/2, -0)-degree angle, leaving a 3/16 (±1/32, -0)-
inch root face land (see Figure 5-5).

5-13. FITTING UP AND TACK WELDING.

5-14. Weld joints which require a root opening, shall
have a separation between lands or welding edges of
3/32 (+0, -1/32)-inch for the full length of the joint
(see Figure 5-4).

5-15. Weld joints in which the lands rest on a back-
ing structure or a flat bar butt strap, shall have a
separation between lands or welding edges of 3/16
(+0, -1/32)-inch for the full length of the joint (see
Figure 5-5).

5-16. The thickness of lands or welding edges may be
varied to ensure complete penetration of the first pass
or root weld deposit.

5-17. Abutting edges of sheet, plate, and structural
shapes at longitudinal joints shall not, after being
welded, have an offset from each other at any point
in excess of 1/16-inch, or one-fifth of the nominal
plate thickness at the joint, whichever is less.

5-18. The separation between faying surfaces (see
Figure 5-5) of butt joints which rest on a backing
structure, and lap joints, shall be as close as is
practicable. Under no conditions shall the separation
between faying surfaces of contact members exceed
1/16-inch at any point.

5-19. OTHER WELD JOINTS.

5-20. Weld joints not specified in this technical order
shall be prepared and welded as directed by the De-
sign Engineer.

5-21. REBUILDING JOINTS.

5-22. Welding edges of joints shall not be rebuilt or
repaired prior to welding without specific approval
of the Design Engineer. Repair or rebuilding of joints
shall be accomplished as directed by the Design En-
gineer .

5-23. In event operating personnel have a doubt as
to the nature of the joint or its preparation, the Design
Engineer shall be consulted, and his approval obtained
before proceeding with any further preparation or
welding of the joint in question.
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Figure 5-1. PLATE AND GROOVE IN HORIZONTAL POSITION (ZG)

5-2 Figure 5-2. PLATE AND GROOVE IN VERTICAL POSITION (3G)
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Figure 5-3. PLATE AND GROOVE IN OVERHEAD POSITION (4G)

Figure 5-4. DIMENSIONS FOR ROOT OPENING Figure 5-5. DIMENSIONS  FOR ROOT OPENING
WITH BUTT STRAP. 5-3
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5-24. HOLDING DEVICES.

To prevent injury to personnel and damage
to equipment, precautions shall be taken to
ensure that holding devices and supporting
s t r u c t u r e s are adequate and secure
throughout the welding operation.

5-25. All parts to be joined by welding shall be se-
curely held in correct position by jigs, lamps, lugs,
saddles, other suitable holding devices, or by tack
welds.   

5-26. Holding devices shall be adequate to maintain
 alignment of all parts throughout the entire welding
 operation.

5-27. Temporary lugs, saddles, holding devices, etc.,
 welded to base metal while fitting up parts, shall be of

 like material, using the specified welding process and
electrodes; under no conditions shall disssimilar metal
or welding processes be used for this purpose without
specific approval of the Design Engineer.             

5-28. Holding devices used to secure parts in correct 
position during the welding operation, shall be properly

 placed and fitted in such manner that normal expansion
restricted, and thereby induce such high stresses that
cracking of the material will result.                            

5-29. TACK WELDS

5-30. Tack welds shall be of the same quality, and
made by the same procedures as the completed weld, or
shall be removed prior to welding at the point where
the tack weld is located.                                                                           

5-31. FIXED POSITION WELDING

5-32. Orientation of weld joints shall be in accordance
with Paragraph 2-52. Fixed position welding shall be
accomplished in such manner that weld metal is de-
posited from the horizontal, vertical, or overhead
fixed positions (see Figures 5-1 through 5-3); under
no conditions shall the weld joint orientation he changed
while welding is in progress.

5-33. Welding shall be started at the bottom of the
vertical joint and progress upward to the top of the
joint; under no conditions shall the welding progress
in a downward direction.

5-34. WELDING MACHINES.

To prevent injury to personnel, frames of
all welding machines shall be thoroughly
grounded to prevent electrical shock. All
leads to the electrode, and ground connec-
tions of the work, shall be of sufficient
size to carry the electrical current with a
minimum of resistance. Secure electrical
connections shall be maintained between
the machine and the work.

5-35. Welding machines shall be standard equipment
designed for continuous operation, with the capability
to provide a constant supply of electrical current suf-
ficient in amount, and of proper voltage, to maintain the
welding are in a stabilized condition throughout the
welding operation.

5-36. Welding machines shall not be operated at over
70% of the rated capacity as indicated on the manufac-
turer’s nameplate attached to the welding machine.

5-37. ELECTRICAL CHARACTERISTICS.

5-38. The welding current shall conform with respect
to both voltage and amperage (and polarity, when
direct current is used) as recommended by the manu-
facturer of the weld metal being used.

5-39. PREHEAT TREATMENT.

5-40. When the temperature of the base metal is less
than 70° F, the base metal shall be preheated to a
minimum temprature of 70° F (or at least warm to the
touch) for a distance, of not less than three inches on
each side of the joint before welding is started. Under
no conditions shall the temperature of the base metal
and/or weld deposits be less than 70° F while welding
is in progress, or before the weldment is completed.
This shall be considered a requirement for all mate-
rials. The appropriate preheat treatment for sheet,
plate, and structural shapes is presented in Section VI.

5-41. Preheat treatment for a particular welding pro-
cedure, or specific type of base metal, shall be per-
formed in accordance with the certified qualification
procedure test data for each respective welding pro-
cedure (refer to Paragraphs 3-106 through 3-117), or
as directed by the Design Engineer.

5-42. Welding shall not be performed when the metal
surfaces are wet from rain or snow, or when rain or
snow is falling on the metal surfaces to be welded; or
during periods of excessive air currents unless the
operator and the work are properly protected with
suitable shelter.

5-4
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5-43. ELECTRODES.

5-44. The care and method of handling and storing
welding electrodes is of the utmost importance. Elec-
trodes with low-hydrogen type coatings such as ASTM
A 233-58T, E7016-E7-18; ASTM A 316-58T, E7016-
E7018, E8016-C2-E8018-C2, E10016-D2-E10018-D2,
E11016-E11018, and E12016-E12018, require special
care and treatment to prevent damage to the coatings.

N O T E
Information contained in Paragraphs 5-45
through 5-48 are provided as general re-
quirements for storage, handling, and
treatment of electrodes. Should a conflict
exist between this information and that
furnished by the electrode manufacturer,
the latter’s recommendations shall have
precedence.

5-45. Underbead cracking and porosity can be the re-
sult of hydrogen gas evolved from electrode coatings.
These low-hydrogen type coatings will absorb moisture
when exposed to the atmosphere and may pick up suffi-
cient moisture content to render them no longer useful
as low-hydrogen type electrodes. Therefore, it is abso-
lutely essential that all electrodes remain in the ori-
ginal containers and are properly stored in a drying
and holding oven or baking oven as required (refer
to Paragraphs 5-46 or 5-47 as applicable) until needed
for immediate use.

Electrodes shall not be stored in a drying
and holding oven at temperatures greater
300° F. Overexposure to temperatures in
excess of 300° F will cause deterioration
of electrode coatings.

5-46. If the electrodes are packed in an undamaged
air-tight metal container, they shall be placed in a
ventilated drying and holding oven with a holding tem-
perature range of 250° F to 300° F.

Electrodes shall not be exposed to tempera-
tures greater than 800° F while in the baking
oven. Exposure to temperatures greater
than this limitation will result in the elec-
trodes being unfit for use.

5-47. If the electrodes are packed in a container that
is not air-tight, or is in one of the cardboard type
boxes, the electrodes shall be blaced in a baking oven
and baked a maximum of one hour at 800° F, then
transferred, while still warm, to a drying and holding
oven.

5-48. The time period for which electrodes may be
exposed to outside air conditions varies with the am-
bient humidity. Electrodes will not pick up moisture
from air having less than 50 percent relative humidity,
regardless of the length of exposure time. As the
humidity increases above 50 percent, moisture pickup
increases proportionately. thereby shortening the safe
exposure time. Those geographical areas in which high
humidity is prevalent, the maximum exposure time for
electrodes shall be four hours, at which time the elec-
trodes shall be returned to the drying and holding
ovens.

5-49. Electrodes which have been in physical contact
with water or other Liquids shall be discarded; baking
or other means of moisture removal are not effective.

5-50. When there is a reason to question or doubt as
to the moisture content of electrodes, or in cases
where problems develop and trouble is encountered
in deposition of the weld filler metal, the electrode
coatings shall be analyzed for moisture content in
accordance with specification MIL-E-22200. Under
no conditions shall electrodes be used for welding when
the moisture content of the coatings exceed 0.2 percent.

5-51. Users of low-hydrogen type electrodes shall
be governed by the following general guides and tech-
niques:

1. Electrodes larger than 3/16-inch in diame-
ter shall not be used (1/8-inch or 5/32-inch
are the preferred sizes). The following shall
determine the electrode size to be used:

a.

a.

C.

d.

e.

The thickness requirements of the weld
material.

Joint design.

Bead size for each pass of weld deposit.

Number of passes or beads required to
complete the weld joint.

Maximum allowable electrical current or
heat input for a specific welding oper-
ation.

2. A moderate and controlled preheat shall be
used.

3. A welding current compatible with the size
and type of the selected electrode shall be
used to avoid overheating (current ranges
for each size of electrode shall be as recom-
mended by the electrode manufacturer).
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4. A string bead technique shall be used (a
string bead is a type of weld without appre-
ciable oscillation).

5. A wide weave or wash technique shall not be
used. A wide weave or excessive oscillation
of the electrode will result in a wide and
thin weld deposit, which is subject to crack-
ing and subsequent failure.

5-52. INTERPASS TEMPERATURES.

5-53. Interpass temperatures for welding sheet, plate,
and structural shapes shall be in accordance with the
specified preheat temperature as recorded in the cer-
tified qualification procedure test data for each re-
spective welding procedure. Each complete pass of
weld metal deposit shall be allowed to cool to the
specified maximum preheat temperature before addi-
tional weld metal is added.

5-54. In cases where a preheat treatment is not re-
quired for a specific material or welding procedure,
the interpass temperature shall not exceed 300° F at
the area immediately adjacent to the point at which
the succeeding pass or bead of weld metal is to be
made. Areas remote from this point may exceed the
specified temperature, but the temperature shall not be
greater than 300° F at the time weld deposits are made
at these locations.

5-55. All materials shall be allowed to cool to the
specified interpass temperature by natural means; the
use of air, water, or other liquids for cooling is not
permitted.

5-56. SEQUENCE.

5-57. The welding sequence shall be such as to avoid
needless distortion of the parts. A backstep or wan-
dering sequence shall be used where necessary to
prevent excessive stresses in the base materials and/
or weld metal deposits. The Welding Supervisor or
Design Engineer may at any time direct the sequence
of welding for a particular fabrication (refer to Para-
graphs 3-188 through 3-192 and Paragraphs 3-124
through 3-129).

5-58. WELD METAL DEPOSIT.

5-59. The welding technique and manner of depositing
the weld metal shall be such that there will be no un-
dercutting on the sidewalls of the welding groove or
ajoining base metals. Each bead or layer of deposited
weld metal shall be uniform, and shall blend smoothly
with the base metal. Cracks or defects of any type or
size that appear in any bead or layer of weld metal
deposit shall be removed before starting the next suc-
cessive bead or layer.

5-60. ROOT WELD DEPOSITS.

5-61. All first pass, or root weld deposits, shall have
full penetration for the full length of the joint, and

5-6

shall be started midway between previously placed
tack welds; when welding over tack welds, the welder
shall slow the rate of travel sufficiently to ensure
complete fusion of all tack weld metal.

5-62. After every interruption of the arc, (except at
the completion of a pass or a bead) the arc shall be
restarted ahead of the previous deposit, and then
moved back to fill the crater. This technique will
ensure complete filling of the crater, complete fusion
between the new and old deposits and the base metal
at the point of junction, and complete resultant con-
tinuity of weld.

5-63. MULTI-LAYER WELDING.

5-64. When multi-layer welding is employed, each
layer shall be not more than 1/8-inch thick, and shall
be uniform in thickness, with no evidence of excessive
metal buildup at any point. This may be accomplished
by use of the backstep technique. The several layers
shall be made successively, completing each layer
before starting the next.

5-65. Before welding over previously deposited weld
metal, all traces of slag, weld spatter, oxides, metal
ejected from the arc, and foreign matter shall be re-
moved by mechanical means from the weld deposit,
and the weld deposit and adjoining base metal shall be
wire-brushed until thoroughly clean. This shall apply
not only to successive beads, but also to successive
layers and to the overlapping area wherever a junc-
tion is made when starting a new bead or layer. All
materials must be bright and clean throughout the
welding operation.

5-66. BUTT WELDS.

5-67. Reinforcement of butt welds shall be not less
than 1/16-inch and shall be built up uniformly from the
surface of the base metal to a maximum of 3/32-inch
at the center of weld joint, and shall blend smoothly
and gradually with the base metal.

5-68. The width of completed butt welds shall not
exceed the total dimensions specified by design of the
joint for the included angle of bevels, plus 1/8-inch.
Finished weld contours shall be uniform and free from
depressions, undercuts, or other surface defects. All
slag, weld spatter, undue roughness, and foreign
matter shall be removed from the surfaces of weld
joints and adjoining base materials. Completed weld-
ments shall have bright, clean surfaces.

5-69. PEENING.

5-70. Peening of weld metal and/or base. metal is not
permissible for any purpose without specific approval
and as directed by the Design Engineer. Hot or cold
peening of weld metal deposits to conceal the pres-
ence of cracks or other defects is not permitted (re-
fer to Paragraphs 3-131 through 3-134, and Paragraph
3-206).
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5-71. POSTHEATING.

5-72. Postheating of weld metal deposits and/or base
metals to straighten or align a weldment is not per-
mitted.

5-73. In cases where postheating and/or stress re-
lieving procedures are required for a specific type or
combination of weld and base metals, or for service
requirements, they shall be performed in accordance
with the certified qualification procedure test data for
each respective welding procedure, or as directed by
the Design Engineer.

5-74. WELD INSPECTION AND QUALITY CONTROL.

5-75. The quality of all welding for sheet, plate, and
structural shapes shall be in accordance with the spe-
cific requirements of this Section, and the applicable
parts of the Engineer’s quality requirements (refer to
Paragraphs 3-140 through 3-143).

5-76. RADIOGRAPHIC EXAMINATION.

5-77. Welded joints which require radiographic exam-
ination shall be prepared in accordance with the stated
requirements presented in Paragraph 3-207. Prepara-
tion of weld joints shall afford the most favorable
conditions for obtaining radiographic films of good
quality.

5-78. DETAILED PROCEDURES.

5-79. The detailed procedures for which the instruc-
tions and specifications are provided in this Section,
are depicted in Figure 5-6.

5-80. PROCEDURES AND TEST DATA.

5-81. The certified procedures and test data for the
detailed procedures are presented in Figures 5-7
through 5-18.
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SECTION VI

HEAT TREATMENT

6-1. GENERAL

6-2.  Heat treatments are developed for, and employ-
ed on, particular types of materials to obtain the neces-
sary properties of materials for a specified process
or service. Specific types of heat treatment will pro-
vide a wide range of mechanical properties required
for various applications.

6-3. The following heat treatment methods will be
discussed in this Section:

a .  Preheat ing

b. Postheating

c.  Stress Relieving

d. Annealing

e.  Normalizing

f. Solution Heat Treatment (Stainless Steels)

g. Solution and Aging of Aluminum Alloys

6-4. In general, the selection of heat treatment for
a specific purpose is governed by a number of factors,
including chemical composition of materials, and prop-
erties required in the materials for satisfactory per-
formance in a  specif ied service.  Other  important
factors to consider are the various temperatures in-
volved, and the methods of cooling after exposure to
these temperatures.

6-5. STEELS

6-6. Steel is fundamentally an alloy of iron and car-
bon. The amount of carbon in steel rarely exceeds
1.10%. A steel which contains only carbon and modest
amounts of manganese as alloying elements is defined
as plain carbon steel.

6-7. LOW CARBON STEELS.

6-8. Low carbon steels (mild steels) include Ameri-
can Iron and Steel Institute (AISI) C1008 to C1030, and
contain the following chemical composition:

Carbon - 0.10 to 0.34%

Manganese - 0.25 to 1.50%

Iron - Remainder

6-9.  In general, these steels do not contain sufficient
carbon to cause appreciable hardening or loss of duc-
tility at any cooling speed. Preheating or postheating

is not usually required except in heavy sections where
preheating or postheating tends to reduce complex
heating and cooling stresses, and controls distortion.

6-10. MEDIUM CARBON STEELS.

6-11. Medium carbon steels include AISI C1035 to
C1055, and contain:

Carbon - 0.30 to 0.60%

Manganese - 0.60 to 1.65%

Iron  - Remainder

6-12. Because of their carbon content, these steels
readily harden when heated to welding temperatures
and allowed to cool at speeds greater than those known
as the “critical cooling rate”.

6-13. Medium and high carbon steels (containing over
0.35% carbon), are welded successfully, provided pre-
cautions are taken, and the cooling rate is sufficiently
retarded to prevent excessive hardening. These steels
are readily hardened, with a resulting hardness that
may range from soft, in the annealed condition, to
greater than 65 Rockwell C. Using a drastic quench
treatment, the depth of hardening will vary greatly with
the carbon content and especially with the amount of
alloying elements present. Therefore, sudden or rapid
cooling from the welding temperature may result in a
very hard, and sometimes brittle zone adjacent to the
weld joint. Any considerable mixture of the high carbon
base material into the weld melt may also result in
a hard, brittle weld metal deposit.

6-14, The rate of cooling can be retarded by preheat-
ing the base materials to a suitable temperature in
such a manner that weld deposits are not quickly chilled
by rapid heat absorption by the cold base material. This
is  especial ly important  on heavy sect ions of  thick
materials which have a greater capacity to absorb heat.
Instances in which welding is performed on heavier
materials, a preheat of sufficient temperature must be
used to prevent haadening of the weld deposits or ad-
joining base metals.

6-15 Increases in the carbon content may produce a
tendency toward underbead cracking in the base metal
adjacent to the weld metal deposit in the fusion zone.
This underbead cracking is especially a potential de-
fect with heavy steel plate materials, and is further
aggravated by low temperature conditions during weld-
ing. Preheating, when properly applied, will usually
remedy this condition.

6-16. Preheating to a temperature range of 400 to 500
F will usually produce a ductile joint. Postheating to
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1100 to 1200° F is helpful in modifying brittle micro-
structure caused by cooling the material too rapidly.

6-17. HIGH CARBON STEELS.

6-18. High carbon steels include AISI C1060 to C1095,
and contain:

Carbon - 0.55 to 1.03%

Manganese - 0.30 to 1.00%

Iron - Remainder

6-19. These steels are subject to grain growth and
hardening as a result of welding; however, preheating
in the range of 500 to 600° F is helpful in preventing
these conditions. Postheating at 1100 to 1200° F will
improve the ductility and relieve stresses of this ma-
terial .

6-20. ALLOY STEELS.

6-21. Steels containing either a high magnesium con-
tent (in excess of 1.00 percent) or significant amounts
of any other alloying elements such as nickel, chromi-
um, molybdenum, e tc . , are known as al loy steels .

6-22. GENERAL DEFINITIONS

6-23. FERRITE. Ferrite is practically pure iron, and
is the principal constituent of low carbon steels, either
the plain carbon or low-alloy types. When heated to a
temperature in excess of the lower critical tempera-
ture, ferrite becomes nonmagnetic and is known as
austenite.

6-24. AUSTENITE. Austenite is the nonmagnetic form
of iron, and has the capability to dissolve carbon and
other alloying elements. ‘This makes it possible to
harden most steels by heating the materials to a tem-
perature in excess of the lower critical temperature
(which dissolves the alloys present) and then rapidly
cooling the steel to produce hardening.

6-25. CEMENTITE. Cementite, or iron carbide, is a
chemical  compound  of  iron  and   carbon               It is a
very hard, crystalline material and is the constituent
which imparts  hardness to  s teel .  This  mater ial  is
magnetizable,  but  not  as  readily so as is  ferr i te .

6-26. PEARLITE . Pearlite is a mechanical mixture
of ferrite and cementite.

6-27. MARTENSITE. Martensite is an extremely hard
constituent of steel, formed by the rapid transforma-
tion of austenite during cooling.

6-28. EUTECTOID STEEL. Eutectoid steel contains
approximately 0.85% carbon, has an eutectoid tempera-
ture of approximately 1330° F, at which point the aus-
tenite instantaneously changes to pearlite and ferrite.
The upper  and lower cr i t ical  temperatures  and the
eutectoid temperature (1330° F) are identical for this
material .
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6-29.  KILLED STEEL. Kil led s teel  represents  the
optimum extreme of deoxidation. The steel is fully de-
oxidized by addition of aluminum or silicon (or both)
to combine with the oxygen present in molten steel.
From the viewpoint of minimal chemical segregation
and uniform mechanical properties, killed steel is used
when a homogeneous structure and internal soundness
is required. This steel can be produced with either
fine or coarse grained structures without affecting the
soundness, surface condition, or cleanliness of the
metal .

6-30. CRITICAL TEMPERATURE RANGE. In this
range steels undergo internal atomic changes which
radically affect the properties of the material.

6-31. LOWER CRITICAL TEMPERATURE. When a
plain carbon or low steel is heated to its lower criti-
cal temperature, (approximately 1350° F) the solid
ferrite and solid pearlite begin to dissolve and merge
to form austenite, which is non-magnetic. This dis-
solving action continues on heating through the upper
critical range (1650° F) until the solid solution be-
comes complete.

6-32. UPPER CRITICAL TEMPERATURE. The upper
critical temperature (approximately 1650° F for plain
carbon and low al loy steels)  is  the upper l imit  of
temperature of the transformation range. The upper
critical temperature lowers as the carbon content in-
creases to approximately 0.85% (the eutectoid point).

6-33.  PREHEATING. Refer  to  Paragraphs  3-106
through 3-113.

6-34. POSTHEATING. Refer  to  Paragraphs  3-119
through 3-122.

6-35. ANNEALING. Annealing is a softening process
in which metal is heated to a specified temperature
and held a sufficient time at this temperature, then
cooled at a controlled rate to produce small grain size,
softness, good ductility, and other desired properties.

6-36. NORMALIZING. Normalizing is a process in
which a ferrous alloy (iron or steel) is heated to a
temperature greater than the transformation range,
and is subsequently cooled in still air to room temper-
ature . On cooling, the austenite transforms, giving
somewhat higher strength and hardness, and slightly
less  duct i l i ty  than that  resul t ing from anneal ing.

6-37. STRESS-RELIEVING. Stress-relief heat treat-
ment consists of uniformly heating the materials to
specific temperature (usually lower than the full an-
nealing temperature) and holding or soaking at this
temperature one hour or more per inch of material
thickness, and then cooling to ambient temperature at
a controlled rate. The purpose of this treatment is to
r e l i e v e  t h e  m a t e r i a l s  o f  l o c k e d - u p  o r  r e s i d u a l
s t r e s s e s .

6-38. BURNING RANGES. The burning range for steel
is 2500 to 2750° F. Adequate measures should be taken
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to protect steels from this temperature range. Burned
steel cannot be cured or recovered except by remelting.

6-39. BLUE BRITTLE RANGE. The blue brittle range
temperature for most carbon and most low-alloy steels
occurs at 400 to 700° F. There shall be no peening or
working of steels when the material is in the blue brit-
tle condition.

6-40. EFFECTS OF ALLOY ELEMENTS IN STEEL.

6-41. ALUMINUM.

6-42. Aluminum is extensively used as a deoxidizer in
steel production. As such, it is an effective purifier.
Aluminum also reduces grain growth by forming dis-
persed oxides and nitrides, which act as nuclei for the
formation of more (and thus smaller) grains.

6-43. CARBON.

6-44. Carbon is the principal hardening agent in steel.
Alloy steels containing more than 0.20% carbon are
considered heat-treating steels, and are heat-treated
to obtain increased strength and hardness. As the prin-
cipal hardening element in most alloy steels, carbon
has about the same effect as it does in plain carbon
steels .

6-45. CHROMIUM.

6-46. As a constituent in alloy steel, chromium has a
strong hardening effect on the steel as it cools from
welding temperatures. Those steels containing a higher
percentage of chromium (12 to 30%) exhibit an increas-
ed corrosion resistance at both high and low tempera-
tures. Consequently, chromium is one of the basic
ingredients used in production of stainless steels. It is
also one of the basic ingredients in steels that are to
be used for high temperature service where resistence
to oxidation is a requirement. There is very little loss
of strength in chrome steels at temperatures as great
as 900º F.

6-47. COBALT.

6-48. Cobalt is used as an alloying agent in steels for
which high strength or high hardness at elevated tem-
peratures are desired. It imparts the quality known as
red-hardness .

6-49. MANGANESE.

6-50. Manganese is the most indispensable alloying
ingredient used in steel making. When manganese ap-
pears in steels in amounts as much as approximately
0.80% it is generally intended for the purpose of com-
bining with sulphur or phosphorus to eliminate em-
brittlement and “hot shortness”. In higher percent-
ages, (1.0 to 15% with one exception) manganese in-
creases the toughness of the metal, and also increases
the hardenability of the metal involved. The exception
is a content of between 3.0 and 4.% of manganese in
steel, which tends to promote embrittlement.

6-51. MOLYBDENUM.

6-52. Molybdenum tends to increase the hardness and
endurance limits of steel. It also contributes to deep
hardening, and decreases the tendency toward temper-
ature creep or slow stretching of steel under stress at
elevated temperatures. Molybdenum also increases the
corrosion resistant qualities in stainless types of alloy
steel, and prevents temper embrittlement (similar to
blue brittle) of low chrome alloy. Generally, it is used
in comparatively small quantities, ranging from 0.10%
to 0.40%.

6-53. NICKEL.

6-54. Nickel is used as an alloying agent in steel for
the purpose of increasing strength and toughness at low
temperatures. General quantities used are from 1.0% 
to 4.0%. In some special alloys, the nickel content may
be as much as 36% or more. In all cases, the addition
of nickel will increase the strength without decreasing
the toughness of the steel.

6-55. Steels having a nickel content of 24% are practi-
cally nonmagnetic, and when the quantity is increased
to 36%, the coefficient of expansion due to heat (up to
900° F) is very small. In the lower range of nickel,
i.e., as much as approximately 4.0%, it is estimated
that the tensile strength is increased approximately
6 , 0 0 0  p s i  f o r  e a c h  a d d i t i o n a l  p e r c e n t  o f  n i c k e l .

6-56. PHOSPHORUS.

6-57. Phosphorus is an element usually found in all
steels. When present in high percentages, it is con-
sidered an impurity. In low percentages however, it
improves the machinability of high carbon as well as
low carbon steels. For this purpose, the phosphorus
content is usually restricted to approximately 0.05%,
particularly so in steels in the higher carbon ranges.
Phosphorus slightly improves the strength and corro-
sion resistence of low-carbon steels.

6-58. SILICON.

6-59. Silicon acts to promote fluidity of the molten
steel bath by effecting a control over the oxygen con-
tent of steel..  It is used extensively in high percentages
to produce certain magnetic characteristics in steel
used for electrical and magnetic applications. Silicon
also tends to improve oxidation resistance, and in-
creases the hardenabil i ty of  s teels  carrying non-
graphit izing elements . I t  a l so  con t r i bu t e s  t o  t he
strength of low alloy steels.

6-60. TUNGSTEN.

6-61. Tungsten is used as an alloying element in tool
steel, and tends to produce a fine, dense grain when
used in relatively small quantities. When used in larg-
er quantities (ranging from 17 to 20%) and in combi-
nation with other alloys, it produces a steel that re-
tains its hardness at elevated temperatures. Tungsten
is also used in certain heat-resistant steels where re-
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tention of strength at elevated temperatures is import-
ant. This element is usually used in combination with
chromium or other alloying agents.

6-62. VANADIUM.

6-63. Vanadium is used in production of steel as a
constituent to control grain size. It tends to promote
hardenability and causes marked secondary hardness,
yet resists tempering. The addition of vanadium helps
to produce a fine grain structure during the heat treat-
ing process. Because of this, vanadium often eliminates
the bad effects of overheatmg.

6-72. PREHEATING.

6-64. COPPER.

6-65. The effect of copper as an alloying element in
iron or steel is generally mild. It may be utilized to
some extent as a precipitation hardening element in
iron or steel by resorting to a solution heat treatment,
followed by an aging treatment. Copper in solid solu-
tion slightly increases the hardenability of steel by
making the austenite transformation more sluggish.
Low-alloy steels may contain copper additions as much
as 4.0% to provide added strength and corrosion re-
sis tance.

6-66. SULPHUR AND SELENIUM.

6-67. Sulphur and selenium are discussed collectively
because both of these elements react identically, and
can be used interchangeably. Sulphur has a melting
point of 246° F, and selenium melts at 428° F. Both
elements show appreciable solubility in iron, but due
to their low boiling points, cannot be retained in mol-
ten iron in large quantities. For most steels, a maxi-
mum content of 0.04% is adhered to for either sulphur
or selenium. Steels for special applications, or critical
weldability requirements, may demand that sulphur or
selenium contents be no more than 0.01% maximum.

6-68. Sulphur is the principal base metal element af-
fecting weld metal porosity, and also contributes to
high temperature cracking in the weld zones. When
sulphur is  present  as  i ron sulphide (FeS),  i t  forms
at a temperature of 1805° F as a low melting eutectic
which collects in the grain boundaries and reduces

cohesion between the grains. In quantities greater than
0.05%, and in the presence of hydrogen from the weld-
ing arc atmosphere, this element forms hydrogen sul-
phide (HzS) bubbles which are generally entrapped in
the weld metal. This condition is more severe when
w e l d i n g  w i t h  e l e c t r o d e s  h a v i n g  c e l l u l o s e  t y p e
coverings.

6-69. COLUMBIUM AND TITANIUM.

6-70. Columbium and titanium both have a strong af-
finity for carbon. Columbium has a melting point of
4380° F, and titanium melts at 3272° F. Both elements
unite with carbon, oxygen, and nitrogen in steel; ti-
tanium having the greater uniting tendency in all cases.
As the concentration of these two elements increases in
steel, the tendency to harden decreases. Titanium is
used as an alloy addition to reduce hardenability of
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steel to be welded by forming carbides which require
more elevated temperatures (or longer time periods)
to dissolve in the austenite. ‘The greatest use of colum-
bium and titanium is in alloying stainless steels of the
austenitic type, where these elements act as carbide
stabilizers.

6-71. CARBON AND LOW ALLOY STEELS.

6-73. Preheating may or may not be required for a
specific material or welding procedure. However, it is
absolutely essential that an adequate preheating pro-
cedure be used (when necessary) to ensure that mecha-
nical properties of weldments, such as yield strength,
tensile strength, ductility, and corrosion resis tance
will be satisfactory for the intended service.

6-74. Whatever effect preheating may have on ma-
terials, it is an accepted rule that it lowers the cool-
ing rate after welding; the higher the preheating tem-
perature, the slower the cooling rate after welding is
completed. The slower cooling rates are caused by the
reduction in temperature gradients and by the lower
thermal conductivity of the material at the preheat
temperatures .

6-75. Reduction of the cooling rate by preheating in-
creases the time Interval in the heat-affected zones
in the temperature range of 1000 to 1200° F, and pro-
motes the transformation of austenite to pearlite in-
s tead of  martensi te .  Therefore,  preheat ing of  weld
areas before and during welding, will reduce hardening
of metals.

6-76. Hardened zones often occur in the heat-affected
areas Adjacent to welds in medium and high--carbon
steels. The hard zones may produce cracks in the base
materials during the final stages of cooling from the
welding temperature. Preheating to a temperature of
200 to 300° F is recommended for lower carbon and
low-alloy steels. This preheat will reduce the cooling
rate and prevent formation of hard or brittle zones in
the base materials adjacent to the weld joint; thereby
substantially lessening the tendency toward cracking.

6-77.  Underbead cracking which occurs  in  cer ta in
high-carbon and low-alloy steels when welded in the
temperature range of 0 to 70° F (using cellulose cover-
ed electrodes and low heat input) may be eliminated by 
preheating the steels to a temperature  of 200 to 300° F 
before welding.

6-78.  Cool ing rates  a t  temperatures  below 400° F
have a definite effect on low-temperature cracking.
Acceleration of low-temperature cooling increases the
extent of cracking. Some steels, occasionally even mild
steels having a carbon content of 0.30% or less, cause
less difficulty during Melding when they are heated to a
temperature of at least 70° F before welding.

6-79. Preheating to temperatures of Approximately
600° F is often required to prevent hard  zone cracking
in steels having more than 0.30% carbon content.
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6-80. In cases where preheating procedures are re-
quired for medium to high carbon, or low-alloy steels,
but  are impractical  or  impossible due to physical
characteristics of the structure or weldment, use of
low-hydrogen type welding electrodes will minimize
the tendency toward cracking or failure of the weld
zones. These electrodes are special ly designed for
this purpose.

6-81. When arc welding electrodes having cellulose-
type coverings (E6010) are used to weld carbon and
low-alloy steels ,  hydrogen will  be absorbed by the
weld metal and the heat-affected zone adjacent to the
weld. These cel lulose-type coat ings generate hot
gases during the deposition of the weld metal. One of
the final gaseous products of the cellulose is water-
vapor and hydrogen. Hydrogen in the weld and base
metals can cause porosity, embrittlement, cracking,
and subsequent failure of the weldment.

6-82. Use of low-hydrogen type electrodes without
metal preheat produce welded joints which are equal
to thermally stress-relieved joints made with cellu-
lose covered electrodes. However, with a metal pre-
heat of 200 or 300° F, weldments made with low hydro-
gen electrodes are superior  to the s tress-rel ieved
weldments made with cellulose covered electrodes.

6-83. POSTHEAT TREATMENT.

6-84.  Postheat ing is  recognized as  a  means of  im-
proving the properties of a weldment. The postheat
treatment of a weld joint or welded part may consist
of stress-relief, annealing, or normalizing. Ingeneral,
the differences in heat treating operations are in the
temperatures employed and/or the method of cooling.
T e m p e r a t u r e s  f o r  s t r e s s - r e l i e f  h e a t  t r e a t m e n t  a r e
generally less than the critical heat range of carbon
steels; whereas, temperatures for annealing and nor-
malizing are generally greater than the critical range.
While the effects of different heat treatments overlap,
each has been developed to serve a specific purpose.
The selection of a proper heat treatment requires the
consideration of a number of factors including the
chemical  composit ion of  s teel  to be t reated;  s tress
conditions arising from welding; the microstructure in
heat-affected zones;  and propert ies  required in  the
materials for satisfactory performance in service. A
review of the above heat-treatments indicates that two
different treatments may be used to accomplish the
same purpose.

6-85. In joining two pieces of steel by welding, the
weld metal deposits and the heated base metal in the
weld zone undergo considerable contraction when cool-
ing from an elevated temperature to room temperature.
The base metal in the vicinity of a weld is subjected
to a thermal cycle in which temperatures from the
melting point down to room temperature are involved.
Volume changes that accompany the welding operations
may cause distortion, residual stresses, or cracking
in the weldment.

6-86. The detrimental effect of high residual stresses
on the mechanical properties of a weldment containing
residual tensile stresses may cause failure at much
lower loads than with those structures that are stress-
f r e e .

6-87. Postheat treatment in the temperature range of
1100 to 1250° F generally improves the ducility and
low-temperature notch toughness of weldments. For
some steels, the ducility-transition temperature is re-
stored to the value of the unwelded steel.

6-88. When alloy-steel weld metal is postheated, a
knowledge of the mechanical properties in the heat-
treated condition is extremely important, due to the
fact  that  some al loy weld metals  are severely em-
brittled at a temperature of approximately 1100°F.
At 800 to 1100°F there is also loss of corrosion re-
sistance in non-stabilized austenitic stainless steels.

6-89.  In  al l  cases  where postheat  t reatment  is  re-
quired, or indicated for a specific material or welding
operation, the Design Engineer shall be consulted and
approved procedures obtained prior to the start of any
heat treatment.

6-90. STRESS-RELIEVING.

6 - 9 1 .  S t r e s s - r e l i e f  h e a t  t r e a t m e n t  i s  t h e  u n i f o r m
heating of a structure, vessel, and/or weldment to a
suitable temperature below the critical heat range of
the base metal, followed by uniform cooling to relieve
residual  and/or  shrinkage stresses induced by pre-
vious fabrication and welding operations.

6-92. Stress-relief heat treatment is expected only to
relieve stresses, and not necessarily to produce any
changes in the microstructure of the steel. The general
effects of a stress-relief treatment are: recovery, re-
laxation, removal of hard zones, and recrystallization.
The first effect is universal; the second effect is a-
chieved when stress-relief heat treatment is conducted
at a sufficiently elevated temperature for a specified
length of time; the third effect is exerted only if hard
zones have formed as a result of fabrication and/or
welding.

6-93. Structures and/or weldments may have shrink-
age stresses near the yield strength of the materials
whether or not there is external restraint during weld-
ing. It is desirable to relieve these residual shrinkage
stresses to low values as approximate to zero as possi-
ble. Unless the stresses are reduced to approximately
zero, the parts are subject to brittle failure due to ten-
si le  shrinkage stresses and tensi le  service s tresses
acting in two or three directions at right angles.

6-94. The first effect that is found during a stress-
relieving treatment is recovery. The temperature is
elevated uniformly to keep all parts of the structure or
weldment at approximately the same temperature, and
thus prevent thermal stresses. As the temperature is
elevated through the first 400° F, there is no appreci-
able  change in  grain s t ructure ,  yet  the shr inkage
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stresses decrease. However, the relief of shrinkage 6-97. Whel it is impractical or impossible to stress-
stresses at this temperature is inadequate; therefore, relieve at a temperature of 1100° F in accordance with
the temperature must be raised to higher values. Upon the above-stated procedures, it is permissible to per-
raising the temperature to adequate values, relaxation form the stress-relieving operation at reduced tem-
occurs and shrinkage stresses are relieved to approxi- peratures for extended periods of time in accordance
mately zero. with the following:

6-95. The over-all effects of the various heat treat-
ments may overlep due to the more elevated tempera-
tures required for the annealing and/or normalizing
heat  t reatments .  In  some cases ,  two different  heat
treatments can be employed to acomplish the same re-
sults, i.e., stress-relieving will be accomplished dur-
ing either annealing or normalizing treatments.

6-96. The temperature rates of heating and cooling
to be used for stress-relieving of structures, vessels,
Pipe and fittings, or other parts constructed of metals
which require stress-relieving shall be as follows:

6-98. For intermediate temperatures, the holding or
soaking t imes must  be determined by straight- l ine
interpolation. Cooling from these temperatures shall
be in accordance with Paragraph 6-96.

a .  The furnace temperature  shal l  not  exceed
600° F at the time the material is placed
in the furnace or heating chamber.

b .  At  temperatures  greater  than 600° F,  the
rate of heating shall not exceed 400° F per
hour divided by the maximum metal thick-
ness. In no case shall the rate of heating ex-
ceed 400° F per hour.

6-99. Vessels, piping systems, or parts fabricated of
materials conforming to specification American Socie-
ty for Testing Materials (ASTM) A 353-58, (9% nickel
steel) ,  shal l  be s tress-rel ieved (when required) by
gradually and uniformly heating the steel to a tempera-
ture in the range of 1025 to 1085° F, and holding or
soaking at that temperature range for a minimum of
two hours for thicknesses up to one inch, plus a mini-
mum of one hour for each additional one inch of thick-
ness, or fraction thereof. The heating and cooling rates
for these materials shall be as specified in paragraph
9-96.

c. During heating from 600° F to the maximum
stress-rel ieving temperature of  1250° F,
there shall not be a greater variation than
250° F throughout the part being heated in
any 15-foot interval of total length, and when
maintained at the holding or soaking temper-
ature , no greater  var ia t ion than 150° F
through the metal thickness or throughout
the parts being heated.

6-100.  The t ime at  temperature  in  s t ress-rel ieving
carbon steels is customarily one hour per inch of thick-
ness. However, more time is required at 1100°F than
at 1250° F for the same degree of stress-relief.

d. A minimum temperature of 1100° F shall be
maintained for a period of one hour per inch
of  maximum metal  th ickness .  During the
heating and holding time periods, the furnace
atmosphere shall be controlled such as to
avoid oxidation of the metal surfaces. The
furnace or heating chamber shall be of such
design, and controlled in such manner, as to
prevent direct impingement of the flame on
the metal surface.

6-101. Both stress-relieving and preheating are often
required for some parts. With complicated parts, or
with steels having a pronounced tendency toward crack-
ing, it is often essential that the welded part be placed
immediately in the stress-relieving furnace without
p e r m i t t i n g  t h e  p a r t  t o  c o o l  b e l o w  t h e  p r e h e a t
temperature .

e . At temperatures greater than 600° F, cooling
shall be accomplished in a closed furnace or
cooling chamber at a rate of 500° F per hour
divided by the maximum metal thickness in
inches of the part being cooled. In no case
shall the temperature rate exceed 500° F per
hour. From 600° F to ambient temperature,
the metals shall be cooled in still air. All
materials shall be allowed to cool by natural
means; use of any cooling media to acceler-
ate cooling is not permitted.

6-102. Heating of the entire welded fabrication in an
enclosed furnace is recommended, and should be used
whenever practicable. Heating the completed fabrica-
tion in more than one heat in a furnace is permissible,
provided the overlap of the heated sections is a mini-
mum of five feet. When this procedure is used, the
portion outside of the furnace shall be insulated and
protected sufficiently to prevent harmful temperature
gradients .

6-103. In cases where stress-relieving is required for
a completed structure, vessel, or fabrication, and it is
not practicable or possible to heat as a whole (or in
two or more heats in the furnace) due to design dimen-
sions, configurations, or other conditions, it is per-
missible to stress-relieve the various sections and/or
parts before joining, provided that the circumferential
joints made during final joining of the sections or parts
are stress-relieved to complete the fabrication. This
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may be accomplished by heating such joints by any ap-
propriate means that will ensure uniformity.

6-104. The width of the heated band on each side of
the greatest width of finished welds shall not he less
than two times the maximum metal thickness. ‘The
portion outside of the heating device shall be protect-
ed to prevent harmful temperature gradients. This pro-
cedure may also be used to stress-relieve materials
after  repairs .
6-105. Local stress-relieving of joints in piping or
tubing, shall be performed by heating the circumferen-
tial Joints by any appropriate means over a band hav-
ing a width on each side of the center line of not less
than three times the greatest width of the finished weld.
The portion outside of the heated hand shall be pro-
tected to prevent harmful temperature gradients. The
temperatures provided in Paragraph 6-96 shall be the
minimum temperature through the thickness of the
materials .

6-106. When more than one part is stress-relieved in
the same furnace under one heat (or furnace charge),
thermocouples shall be placed on the bottom, center,
and top of the charge (or in other zones of potential
temperature variation) in such manner that indicated
temperatures  shal l  be the t rue temperatures  for  a l l
parts in those zones.

6-107.  Parts  of  different  thickness  may be s t ress-
relieved in the same furnace charge provided that the
minimum temperature, and the total holding or soaking
time, is sufficient to stress-relieve the thickest ma-
terial in the charge.

6-108. ANNEALING.

6-109. Steel is annealed by various procedures to re-
duce hardness; improve machinability; facilitate cold-
working; produce a desired microstructure; remove
stresses or obtain required mechanical and physical
propert ies .

6-110. Full annealing consists of heating the structure
or weldment to approximately 1450 to 1650° F for plain
carbon and low-alloy steels. This temperature is main-
tained one hour per inch of material thickness or frac-
tion thereof, as determined by the thicker material be-
ing annealed. The parts are cooled in the furnace, or
by some method yielding a  slow cooling rate.

6-111. Full annealing of structures and/or weldments
is not usually recommended due to the elevated tem-
peratures involved, and the resultant metal distortion
that occurs. Some weldments may be annealed under
certain conditions provided adequate  precautions Are
taken.

6-112. NORMALIZING.

Care shall be exercised when normalizing
high-hardenability s teels  (such as  AISI
4340) to avoid excessive hardening of the
material .

The elevated temperature required for an-
nealing and/or normalizing may cause ex-
cessive distortion of the completed struc-
ture or weldment. When annealing and/or
normalizing is required, and the structure
or weldment is not self-supporting in the
furnace under the maximum temperature to
be used, special precautions shall be taken
to properly support and protect the parts
from distor t ion or  dimensional  changes.
Special preparations are not required for
those ins tances  in  which the  shape and
thickness, or mass of a structure, weld-
ment, o r  pa r t  i s  s e l f - suppor t i ng  i n  t he
furnace.

6-113. Normalizing is defined as a process wherein
ferrous alloys are heated gradually to a suitable tem-
perature (approximately 1650° F) and then allowed to
cool in st i l l  air  to a temperature substantial ly less
than the transformation range.

6-114. Normalizing heat treatment is similar to an an-
nealing heat treatment, and is frequently used in treat-
ing s teel  s t ructures  and weldments  to  improve the
properties of both the base metal (prior to welding) and
the finished weldment.

6-115. A normalizing heat treatment may be employed
to accomplish the following:

a. Reduce stresses from cold-working or weld-
ing.

b. Remove hardened zones in the heat-affected
metals adjacent to welds.

c. Refine any coarse structure which may re-
main in the materials through hot-working
or forming operat ions performed at  high
temperatures (in excess of 1900° F).

d. Create a more uniform and desirable micro-
structure in both the base metal and weld
metal .

e .  Obtain required mechanical  and physical
propert ies .

6-116. Normalizing involves heating the steel to ap-
proximately 100° F in excess of the upper critical range
of the steel, followed by cooling in still air to room
temperature. This treatment may soften, harden, or
stress-relieve the steel, depending on the grade and
condition of the steel before normalizing.

6-117. Normalizing practice requires that the steel
be heated uniformly to a temperature range sufficient-
ly high to ensure complete transformation of ferrite to
austenite. It shall remain at this temperature suffi-
ciently long to attain a uniform and even temperature
throughout the maximum thickness of the steel.
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6-118. Cooling shall be performed in still air, and
shall also be uniform around the whole part, or parts,
in such manner that in no area is cooling restricted
or accelerated.  Restr ict ion of  the cooling rate wil l
alter the operation from normalizing to an annealing
treatment .  Accelerat ing the cool ing rate  more than
that normally achieved by natural circulation of air
will result in hardening of the steel.

119. STAINLESS STEELS.

6-120. AUSTENITIC STAINLESS STEELS.

6 - 1 2 1 .  C h r o m e - n i c k e l  s t a i n l e s s  s t e e l s  c o n t a i n i n g
more than 17% chrome and more than 7% nickel are
termed austenitic (non-hardenable by heat-treating).
These steels  are identif ied as the AISI 300-Series
(304, 304L or ELC, 316, 347, etc.).

6-122. CARBIDE PRECIPITATION.

6-123.  These al loys are  commonly referred to as
“18-8” stainless and are not hardened by welding, but
if the material has been hardened by mechanical work-
ing, welding may cause softening of the material.

6-124.  When these s ta inless  s teels  are  exposed to
temperatures of 800 to 1500° F during welding, fabri-
cation, or use, the carbon tends to migrate to the grain
boundaries and forms a network of chromium carbide
which depletes or robs the areas adjacent to the grain
boundaries of chromium, thus making the area sus-
ceptible to corrosion. This process is known as inter-
granular  carbide precipi tat ion and resul ts  in inter-
granular corrosion if used in a corrosive environment.
The  ma te r i a l  i s  “ sens i t i zed”  i f  ca rb ide  p rec ip i t a -
tion has occurred.

6-125. The severity of carbide precipitation depends
on carbon content, temperature, and time. The higher
the carbon content, the higher the temperature in the
range of 800 to 1500° F, and the longer the time of ex-
posure, the greater the amount of carbide precipita-
tion. Because of these factors, Type  304L(Extra Low
Carbon) is often used to reduce the tendency toward
sensitization. In Type 302, carbon content is 0.15%
maximum; in Type 304L, carbon is reduced to 0.03%
maximum. Sensitization can still occur in this material
if exposed for long periods of time (approximately 2
hours) in the carbide precipitation temperature range.
Use of low-carbon materials inhibit precipitation a
sufficient length of time so that normal welding and
stress-relieving operations may be performed without
harmful effects. Stainless steels containing less than
0.03% carbon, such as 304L, are more resistant to
carbide precipitation than those with higher amounts
of  carbon.  These lower carbon s tainless  s teels  can
be subjected to temperatures in the range of 800 to
1500° F for as much as two hours without adversely
affecting their corrosion resistance. This will allow
normal welding and stress-relieving operations to be
performed, but these materials should not be subject-
ed to service temperatures greater than 750° F.

6-8

6-126. Another method of combating intergranular
corrosion in austenitic stainless steels is to add co-
lumbium, tantalum, or titanium to the steels, thus pro-
ducing a stabilized steel. Examples of stabilized aus-
tenitic stainless include Types 347 (columbium stabil-
ized) and 321 (titanium stabilized). In general, Type
347 is preferred for applications involving welding, in
that titanium burns off as an oxide and is lost or sub-
stantially reduced. For this reason, Type 321 is not
welded with Type 321 rod, but generally is welded with
Type 347 filler rod.

6-127. Carbide precipitation does not appreciably af-
fect  the mechanical  propert ies  of  the material ;  a l-
though the corrosion resistance of the material may
be greatly reduced by carbide precipitation, tensile
strength and ductility are not altered to any practicable
degree.

6-128. When heavier gages of these materials are be-
ing welded and service requirements demand the ab-
sence of carbide precipitation, precautions must be
taken which will cause the weldment to cool more
rapidly. This may be accomplished by one of the fol-
lowing methods:

a. Using small diameter electrodes

b. Reducing current

c. Using stringer beads instead of weaving or
lacing

d. Using chill bars of similar materials

e. Following the welding operation by immedi-
a t e  o i l - f r ee  a i r  b l a s t ,  wa te r  sp rays ,  o r
quench.

6-129.  Although rapid cooling is  desirable to pre-
clude carbide precipitation, care must be taken that
cooling rate is not so great that the weldment is un-
duly stressed or distorted; subsequent stress relieving
treatments will aggravate the carbide precipitation.
The stress-rel ieving which wil l  be required due to
this stress will place the material in the carbide pre-
cipitation range.

6-130. In severely corrosive environments, where it
is required that the structures be stress-relieved, the
extra low carbon grades shall be used. If these weld-
ments are to be stress-relieved for periods longer than
2 hours, or are used in service requiring temperatures
greater than 800° F, stabilized grades such as Types
347 or 321 shall be used.

6-131. PREHEAT TREATMENTS.

6-132. The austenitic stainless steels should gener-
ally not be preheated. Such treatments prior to weld-
ing decrease the rate of cooling, thereby increasing
the length of time the material is in the sensitizing
range.
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6-133. An exception to this practice is made when
heavy sections of stabilized grades are used, and are
welded under restraint where cracking may be prevent-
ed by preheat treatments at temperatures as great as
1000° F.

6-134. SOLUTION ANNEALING.

6-135. If the austenitic stainless steels are sensitized,
the carbon and chromium can be redissolved by heating
the steels in a range of 1850 to 2050° F for 1/2 to one
hour per inch of thickness, but not less than 1/2-hour.
Cooling must be rapid to prevent re-precipitation of
carbides. This requires water quenching on heavy ma-
t e r i a l  s ec t ions  and  wa te r  sp ray ing  o r  o i l - f r ee  a i r
blast on thin sections.

6-136. STRESS-RELIEVING.

6-137. Stress-relieving of austenitic stainless steels
is less effective than that for carbon steels at the same
temperature,  because s tainless  s teels  have a  high
yield strength at elevated temperatures. Thus, stress-
relieving in the temperature range from 1100 to 1250°
F is less than 50% effective in reducing stresses in
austenitic stainless steels.

6-138. Stress-relieving at 1600° F is approximately
90% effective. Generally, on these materials, the detri-
mental effects of stress-relieving (such as distortion
and misalignment) out-weigh the advantages. However,
heavy (greater  than 3/4- inch)  sect ions should be
stress-relieved, as should vessels or piping subjected
to potential stress corrosion environments.

6-139. Except for stabilized and low carbon grades,
the stress-relieving temperatures shall be maintained
at  less  than 800° F;  a l though at  th is  temperature
stress-rel ief  wil l  not  be complete,  i t  may be suffi-
cient for reducing stress corrosion and peak residual
s t r e s s e s .

6-140. If higher stress-relieving temperatures are in-
dicated, stabilized or low carbon grades should be used;
temperatures of 1350° F for one hour per inch of thick-
ness is customary for these materials.

6-141. If complete stress-relief is required, stabiliz-
ed grades should be used and temperatures  in  the
range of 1600 to 1800° F employed. However, these
temperatures will reduce the strength of cold-worked
material, and may cause excessive distortion.

6-142. STRAIGHT CHROMIUM STEEL TYPES
(400-SERIES)

6-143. All 400-series stainless steels are magnetic,
and are classified in the following groups:

a. Those containing as much as 14% chromium
which harden intensely, and have a cracking
tendency if they are allowed to cool rapidly
in air from elevated temperatures. The types
in this group are referred to as martensitic
stainless steels (Types 410, 414, 416, 420,
431, and 440-C).

b. Those containing from 18 to 30% chromium
do not respond to heat treatment, in that they
do not harden when air-cooled rapidly from
an elevated temperature. These steels are
referred to as ferritic (Types 405, 430 and
446).

6-144. MARTENSITIC GRADES.

6-145. Cracking may be minimized by preheating these
steels within a range of 600 to 800° F and maintaining
these temperatures during welding. Also, a postheat
treatment in the range of 1300 to 1450° F shall be ap-
plied immediately after welding without intermediate
cooling of the weldment. To allow the part to air-cool
to room temperatures after welding, and before post-
heating, may cause cracking at the weld since the duc-
tility is lowered and the metal is unable to stretch or
yield.

6-146. FERRITIC GRADES.

6-147. The higher chromium grades of stainless steel
(especially those containing over 20% chromium) are
characterized by brittleness, which is the result of
grain growth occurring when these types are subjected
to the welding heat. This brittleness should not be con-
fused with hardness.

6-148. These alloys may also become embrittled if
they are allowed to cool slowly from approximately
1200° F, or are held at this temperature for any ap-
preciable t ime.  Bri t t leness from this  cause can be
reduced by cooling thin sect ions rapidly;  a  water
quench is necessary for thick sections.

6-149. Because grain growth in these alloys cannot be
remedied by heat treatment, it is not possible to e-
liminate brittleness due to slow cooling. Ductility may
be improved somewhat by cold-working the weld area
by peening, followed by annealing. Peening should be
performed at a temperature of approximately 1000° F
to avoid cracking the brittle material. After peening,
the weld should be reheated to 1450° F and quenched
rapidly to room temperature.

6-150. When it is impossible to heat-treat the mar-
tensitic or ferritic grades, they may be welded with
austenitic 25 chrome   20 nickel rod, if the speci-
fication allows this procedure. In such cases, the prac-
tice is to preheat to a range of 400 to 600° F, and
maintain this  temperature  unt i l  welding has  been
completed.

6-151. The straight chromium stainless steels should
not always be welded with austenitic rods. Those in-
stances in which welds in high temperature service
wil l  be subjected to frequent  shutdown or  cycl ic
changes in temperature, straight chromium stainless
materials should be welded using straight chromium
rods of similar composition. This will avoid the ther-
mal stresses which otherwise develop from using a
weld metal with a significant difference in the co-
efficient of thermal expansion from that of the base
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metal .  Austenit ic  weld deposit  wil l  expand almost
twice as  much per  inch as  ferr i t ic-martensi t ic  ma-
terial per temperature degree rise in the temperature
range of 100 to 1000°F.

6-152. ALUMINUM.

6-153.  Aluminum is  categorized in the fol lowing
groups:

a. Those which are hardened by heat treating
(or heat-treatable types). Type 6061 is an
example of a heat-treatable alluminum alloy.

b.  Those which are  not  hardenable  by heat
treating; these nonheat-treatable types can
only be hardened by working the material.
Type 3003 is an example of nonheat-treat-
able aluminum alloy.

6-154. The heat-treatable grades generally gain hard-
ness as a result of precipitating material out of a solid
solution. When completely dissolved, the material is
considered to be in the solutionized or solution-an-
nealed condition (for example, Type 6061-T4). In order
to harden the material, it is subjected to a thermal
treatment (aging) in which the material is precipitated.
This treatment is conducted at 350° F for about 8
hours for Type 6061.

6-155. If material in the aged condition (Type 6061-T6)
is heated to more than 350° F, the precipitated parti-
cles  grow, or  agglomerate ,  and the hardness is  re-
duced; the material then becomes over-aged. If Type
6061 is heated to 775° F for two to three hours, it be-
comes soft  and is  in  the annealed condit ion (Type

6061-0). The tendency toward cracking in aluminum
alloys, as a result of welding, increases as the hard-
ness increases. Therefore, when welding under re-
straint, Type 6061-T6 tends to crackmore readily than
Type 6061-T4. However, under the same conditions,
Type 6061-T4 tends to crack more readily than Type
6061-0.

6-156. Because of the possibility of cracking in hard-
ened aluminum alloys, (either the heat-treatable or
nonheat-treatable types) it is permissible to preheat
these materials at 700° F; this temperature shall be
maintained during welding.

6-157. This preheat, however, may soften the nonheat-
treatable grades by removing the cold work, and soften
the heat-treatable grades by removing cold work and
over-aging the material.

6-158. Similarly, the heat of welding and post welding
stress-relieving treatments at temperatures above the
aging temperatures will most generally result in soft-
ening the material.

6-159. Hardness cannot be recovered in the nonheat-
treatable grades. In the Type 6000-series alloys, if
the welded structure can be resolutionized and aged
by heat treating, the material can be returned to the
T-6 condition, and joint efficiencies of 100% can be
obtained.

6-160. High-speed processes are desirable wherever
possible in welding heat-treated aluminum parts, in
that the amount of heat flowing into the base metal to
the joint is limited.
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Appendix I

QUALIFICATION PROCEDURE FOR INSPECTION PERSONNEL

A-1. QUALIFICATION  PROCEDURE FOR INSPECTION PERSONNEL.

A-2. GENERAL. This appendix describes qualifica-
tion and certification requirements for personnel en-
gaged in the ultrasonic and eddy current inspection
of welds in high pressure and cryogenic systems.
The information pertaining to qualification and veri-
f i c a t i o n  r e q u i r e m e n t s  f o r  i n s p e c t i o n  p e r s o n n e l  i s
based on recommendations by the Technical Council
of the Society for Non-Destructive Testing.

A-3. CLASSIFICATION OF PERSONNEL. Ultrasonic
and eddy current inspection personnel shall be divided
into four classifications of capability.

A-4. Class I Personnel. Class I personnel shall be
capable of  and have the fol lowing qualif icat ions:

a .  E s t a b l i s h  t e c h n i q u e s  f o r  t h e  o p e r a t i o n  o f
testing equipment.

b.  interpret  specif icat ions and codes.

c .  D e s i g n a t e  t h e  p a r t i c u l a r  t e s t s  a n d  b e s t
methods and techniques to be used.

d. Interpret and evaluate results in terms of ex-
i s t i ng  codes  and  spec i f i ca t i ons  a s  we l l  a s  hav ing
r e q u i r e d  e x p e r i e n c e  i n  e n g i n e e r i n g  d e s i g n  s t r e s s
analysis and metallurgy to establish acceptance cri-
teria when that criteria is not available.

e .  Sufficient technical knowledge of other com-
monly-used non-destructive testing methods such as
radiography, magnetic particle, and liquid penetrant.

f . Rave the capability of organizing, administer-
ing, and grading qualification examinations for Class
II and Class III personnel.

A-5 .  C la s s  I I  Pe r sonne l .  C la s s  I I  pe r sonne l  sha l l
be capable of and have the following qualifications:

a .  D i r e c t  a n d  p e r f o r m  i n s p e c t i o n  m e t h o d s  i n
compliance with the applicable specifications.

b .  C a l i b r a t e  t e s t  e q u i p m e n t  a n d  a c c e s s o r i e s .

c .  Evaluate test results and methods as to com-
pliance with the applicable specifications.

d.  Rave a knowledge of  the scope and l imita-
t i ons  o f  t e s t i ng  me thods  and  the  ab i l i t y  t o  app ly
d e t a i l e d  t e s t i n g ;  t e c h n i q u e s  t o  p r o d u c t s  o r  p a r t s
within the limits of this knowledge.

A-6.  Class III  Personnel .  Class III  personnel  shall
be capable of and have the following qualifications:

a .  Experience, training, and knowledge to operate
required test equipment and accessories satisfactorily.

b.  Perform al l  tes t ing under  the direct ion and
supervision of Class I or Class II personnel.

A-7.  Class  IV Personnel .  Class  IV personnel  shal l
be capable of and have the following qualifications:

a .  Experience, training and knowledge to observe
and follow instructions for handling equipment and
techniques used for inspections.

b.  Aid in conducting inspect ions performed by
personnel of higher classification.

A-8. EDUCATION AND EXPERIENCE QUALIFICA-
TIONS.

A-9. Class I Personnel. Class I ultrasonic and eddy
current inspection personnel Shall have educational
requirements and experience as follows:

a .  Be a high school graduate.

b .  B e  a  g r a d u a t e  o f  a  f o u r - y e a r  o r  m o r e  e n -
g inee r ing  o r  s c i ence  Co l l ege ,  o r  equa l  t e chn i ca l
experience in this  f ield of  non-destruct ive test ing.

c .  A t t a i n  a  C l a s s  I I  c l a s s i f i c a t i o n  f o r  n o n -
destruct ive test ing and inspect ion in radiography,
magnetic particle, and liquid penetrant methods of
inspection.

d.  Have experience in non-destruct ive test ing
at  a  Class II  classif icat ion for  a  minimum of two
yea r s .

A-10.  Class II  Personnel .  Class II  ul t rasonic and
eddy current inspection personnel shall have educa-
tional requirements and experience as follows:

a .  Be a high school graduate.

b .  Comple t e  two  yea r s  co l l ege  o r  equ iva l en t
experience in engineering or science.

c .  Rave experience in non-destruct ive test ing
for a minimum of two years.
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A-11.  Class III  Personnel .  Class III  ul trasonic and
eddy current inspection personnel shall have educa-
tional requirements and experience as follows:

a.  Be a nigh school graduate.

b.  Successful  complet ion of  a  40-hour  t ra ining
course in ultrasonic testing and eddy current inspec-
tion.

c .  Six months as Class IV trainee.

A-12.  Class  IV Personnel .  Class  IV ul t rasonic and
eddy  cu r r en t  pe r sonne l  sha l l  mee t  t he  fo l l owing
requirements :

a .  Be a high school graduate.

b. On-The-Job-Training.

c .  A b i l i t y  t o  g r a d u a t e  t o  C l a s s  I I I  a f t e r  s i x
months t ra ining in  ul t rasonic  and eddy current  in-
spection.

A-12.  EXAMINATION AND CERTIFICATION OF
PERSONNEL.

A-13.  Technical  qual if icat ions for  cert i f icat ion of
C las s  I ,  C la s s  I I ,  and  C la s s  I I I  non -des t ruc t ive
ul t rasonic and eddy current  inspect ion personnel ,
shall be determined by qualifying as to vision, gen-
eral and specific written examinations, and by prac-
t ical  demonstrat ion. C la s s  IV  pe r sonne l  sha l l  be
required to pass the vision test in accordance with
instructions contained in paragraph A-14 only.

NOTE
Qualifying agencies  may,  during the two
year period immediately following the date
of this  technical  order ,  al low credit  for
experience and training when the qualifying
a g e n c y  i s  a s s u r e d  t h a t  e x p e r i e n c e  a n d
training of personnel applying for certifi-
cation is equivalent to requirements stated
h e r e i n ,  a n d  w h i c h  w i l l  e x i s t  a f t e r  t h i s
t e c h n i c a l  o r d e r  h a s  b e e n  i n  f o r c e .  E x -
aminations described as fol lows shall  be
required.

A-14. Vision Examination. The applicant for certifi-
cation must pass an examination for vision to assure
natural  or  corrected near  dis tance acui ty  such that
the applicant  is  capable of  reading J-l  alphabetical
letters on standard Jaeger’s test-type chart for near
vision or equivalent test-type Chart. Vision shall be
checked annually.

A-15.  General  Writ ten Examinat ion.  The applicant
for  cert i f icat ion must  successful ly pass a  general
written examination of questions selected at random
from a master list of questions with answers. These
questions cover basic test principles.

A-16. Specific Written Examination. The applicant
for  cert i f icat ion must  successful ly pass a  specif ic
wri t ten examinat ion of  quest ions covering specif ic
test equipment, operating procedures, and test tech-
n i q u e s  w h i c h  m a y  b e  e n c o u n t e r e d  i n  a  s p e c i f i c
assignment. This examination will include questions
covering applicable specifications and codes.

A-17.  Pract ical  Demonstrat ion.  The appl icant  for
certification must successfully demonstrate familiar-
ity with and operation of necessary test equipment
and be able to adequately analyze test results. The
applicant must test and analyze a sufficient number
of test parts to demonstrate capability.

A-18. GRADING OF EXAMINATIONS. Initial Class I
non-destruct ive test ing inspector  examination wil l
be  g raded  by  a  r e spons ib l e  u l t r a son ic  and  eddy
current testing laboratory representing the qualifying
agency .  A l l  examina t ions  w i l l  be  co r r ec t ed  and
graded by a Class I non-destructive testing inspector
representative of the qualifying agency. Examinations
shall not be returned to any applicant. In the event
t h a t  t h e  a p p l i c a n t  f a i l s  t h e  w r i t t e n  e x a m i n a t i o n ,
grading personnel will review the examination with
the applicant within 30 days. All examination infor-
mation shall be considered of a confidential nature.

A-19. RE-EXAMINATION. A delay of 90 days shall
elapse af ter  review of  the examinat ion before an
applicant ,  who has fai led the examinat ion,  can be
re-examined.

A-20. QUALIFYING AGENCIES. Qualifying agencies
for class II and Class III personnel Shall consist of
the employers of non-destructive testing personnel.
The qualifying agencies engaged in certifying non-
destructive testing personnel shall establish written
procedures covering all phases of certification.

A-21. CERTIFICATION RECORDS. When an appli-
cant has qualified as a Class I, Class II, Class III,
or  Class  IV non-destruct ive test ing inspector  ( in
ultrasonics and/or eddy currents) a Certifying paper
shal l  be prepared and signed by an authorized re-
presentative of the qualifying agency. The certifying
paper and al l  examination papers  and records per-
tinent to qualifications Shall be made a permanent
part  of  the personnel  record of  the appl icant .  The
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applicant  shal l  be furnished with a  s igned copy of
certifying paper. Certifying papers issued to Class I,
Class II ,  Class III ,  and Class IV, non-destruct ive
testing personnel shall be automatically revoked upon
termination of employment for any reason with each
employer. Previous experience and certification shall
be considered when application for re-examination and
re-cert i f icat ion is  made with a  new employer .  The
certifying paper for successful applicants shall read
as follows:

“Date

This  is  to  cert i fy that  (name of  applicant)  em-
ployed by (name of employer)  has successfully
c o m p l e t e d  e x a m i n a t i o n s  a s  a  N o n - D e s t r u c t i v e
Tes t i ng  In spec to r  on  (da t e )  and  i s  he r eby  de -

s igna ted  a s  a  C las s  (C las s  -  I ,  I I ,  I I I  o r  IV)
Non-Destructive Testing Inspector in ultrasonics
and/or  eddy currents ,  and is  authorized to per-
fo rm  du t i e s  a s  a  C l a s s  (C l a s s )  Inspector  in
accordance with provisions of T.O. 00-25-224.”

A-22. RECERTIFICATION. The qualifying agencies
shall  re-examine and cert ify Class I ,  Class II  and
Class III  personnel  at  periodic intervals  to assure
inspection procedures are progressing with the state
of  the ar t .  The period interval  shal l  be specif ied
in a written procedure established by the qualifying

a g e n c y .  P e r s o n n e l  m a y  b e  r e - e x a m i n e d  a n d  h a v e   
certifying papers extended or revoked at any time at
the discretion of the examination representative or
the qualifying agency.
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CHARACTERISTICS IN SCREEN PATTERN REFLECTING DISTURBANCES

B-1. CHARACTERISTICS IN SCREEN PATTERN REFLECTING
DISTURBANCES.

B-2. Characteristics in screen pattern reflecting
disturbances are divided into six groups.

a. Electrical disturbances.

b. Disturbances from transducer.

c. Disturbances from surface of inspected part

d. Disturbances due to refraction.

e. Disturbances due to shape of inspected part.

f . Disturbances due to gram structure of in-
spected part.

B-3. ELECTRICAL DISTURBANCES.

B-4. Noise. With the evidence of noise, the time
base or sweep is widened and appears fuzzy on
the cathode-ray tube display. This indication may
be caused by worn silverplating or crystal defect
in the coaxial cable, by contaminated plug contacts,
or by a poor ground connection. The indication may
also be the result of a defective tube in the high
frequency pulse amplifier. Vertical Oscillating trans-
ient indications occur when electrical devices such
as welding equipment are being operated in the
vicinity. This will cause a fleeting indication to
appear on the cathode-ray tube display. When auto-
mated systems are used it can trigger these errat-
ically.

B-5. HORIZONTAL OSCILLATIONS. Horizontal os-
cillations can be caused by serious line fluctuations,
particularly when electric ovens or welding trans-
formers are used in the vicinity of the inspection area.
The condition can only be eliminated by using an
alternate power source. Horizontal oscillations can
also be caused by a defective thyratron in time base
or the transmitter circuit of the equipment. These
defects are easily verified because they are not
synchronous with the time base.

B-6. DAMPING EFFECT. When materials having a
very slight damping effect are tested, reflection
irregularities may occur when the first sound pulse
is not yet completely dampened before the second
pulse begins. These reflections are recognized be-
cause the reflections can be moved through and in
front of the transmitting pulse. These reflections
are eliminated by decreasing the sensitivity.

While the use of all ultrasonic equipment
m e e t s  t h e  r e q u i r e m e n t s  o f  t h e  F e d e r a l
Communicat ions Commission,  ul t rasonic
equipment should not be used when tele-
me te r ing  i s  i n  p rog re s s  i n  t he  v i c in i t y .

B-7.  DISTURBANCES FROM TRANSDUCER. Distur-
bances from transducers will occur mainly in combined
transmitter-receiver type transducers.

B-8.  REFLECTIONS FROM PLEXIGLAS PART OF
ANGLE TRANSDUCERS. Reflections from the plexi-
glas part of an angle transducer occur immediately
after the transmitting pulse and remain on the view-
ing screen when the  t ransducer  is  not  in  contact
with the part being inspected. While these disturbances
can be lessened they are inherent to the ultrasonic
system. (See Figure B-l).

B-9. PARTIALLY BONDED PIEZOELECTRIC
DISCS. Partially bonded piezoelectric discs often give
disturbances which fill the entire cathode-ray tube

Figure B-1. Maximum Inherent Disturbances in
Angle Transducer

B-1
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Figure B-2. Indication of Loose Crystal

Figure B-3. Surface Wave Coupling Between
Separate Transmitter and Receiver
Transducers

Figure B-4. Disturbances Due to Surface Waves

display.  These disturbances ar ise because a loose
c rys t a l  v ib r a t e s  f r ee ly  and  i s  no t  dampened  ou t .
To test  crystals  without  a  protect ive coat ing,  the
crystals  should be placed on a piece of  f ine wire
mesh to insure electric contact without damping due
to pressure against the material. Repair of crystals,
where possible should be made by the manufacturer
(See Figure B-2).

B-10. SURFACE OF INSPECTED PART DISTURB-
ANCES. The surface finish of the inspected part has
considerable influence in causing disturbances, be-
cause finish grooves on the surface tend to coincide
with the wave length. This disturbance is overcome
by placing separate t ransmit ter  and receiver  t rans-
ducers  paral lel  to  the direct ion of  machining.  The
use of grease as a couplant is advised when using a
single transducer. The same effect occurs in immersed
scanning. Grease the surface of the inspected part to
eliminate the disturbance. When separate transmitter
and receiver transducers are used during inspection,
direct coupling across the surface of the inspected
part  can occur.  The direct  coupling indicat ion is
recognized because the locat ion of  the indicat ion
changes when the transducers are moved in relation
to each other. Placing a thin plastic sheet between
transducers and material will overcome this disturb-
ance (See Figure B-3).

B-11.  REFLECTED SURFACE WAVE DISTURB-
ANCES. Reflected surface waves can give reflections
which may be misleading. The surface wave illustrated
in Figure B-4 reflects from a weld bead. Movement
of the transducers changes the length of the sound
path and the disturbance as such is readily recognized,.
especially when the calculator is used, as described
in paragraph 4-93. Placing a thin plastic sheet between
transducers and material will overcome this disturb-
ance. However, this phenomenon offers the possibility
of crack detection by using a transducer generating
only surface waves. The origin of the reflection is
determined by moving the transducer so that the trans-
mitting pulse and the defect reflection coincide. With
th i s  co inc idence  t he  sou rce  o f  t he  r e f l e c t i on  i s
directly beneath the transducer. Another procedure
fo r  va l i da t i ng  r e f l ec t ed  su r f ace  waves ,  t ha t  w i l l
d a m p e n  o r  a b s o r b  t h e  w a v e  e n e r g y ,  c o n s i s t s  o f
placing a  f inger  wet ted with the couplant  on the
material surface where the waves are inherent. This
is also useful with surface wave transducers to de-
termine the location of the indication.

B-12. DISTURBANCES BECAUSE OF REFRACTION.
Under certain circumstances longitudinal waves may
be transformed into transverse or shear waves due
t o  r e f r a c t i o n  ( S e e  F i g u r e  B - 5 ) .  T h i s  d i s t u r b a n c e
occurs  near  edges such as  in  rol led s tock.  Part  of
the diverging sound beam str ikes  the s ide of  the
inspec t ed  pa r t  a t  a  r e l a t i ve ly  sha l low ang le .  In
addit ion to ref lect ion of  the longitudinal  wave,  a
transverse wave reflected at a steep angle is generated.
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Figure B-5. Disturbance Due to Refraction

Figure B-6. Interruption of Refracted Waves Due
to Defects

Appendix II
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Figure B-7. Disturbances Due to Shape of Part

Figure B-8. Indication of a Misleading Reflection

B-4

Figure B-9. Reflection Due to Shape of Part

Figure B-10. Irregular Reflections in Coarse
Grain Structure
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The transverse wave ref lects  to  the opposi te  wall
of the inspected part and the same phenomenon may
be repeated.  Thus,  par t  of  the sound beam is  con-
siderably delayed, which is an indication that it will
return to the transducer after the main part of the
sound beam returns. This phenomenon repeats itself
and  wi l l  c ause  a  s e r i e s  o f  g radua l ly  d imin i sh ing
reflections after the back reflection. In parts having
a simple configuration this effect is not misleading.
For example, the effect facilitates inspection of bar
stock for the detection of longitudinal defects. Such
defects  do not  give direct  ref lect ions because the
defects are parallel to the longitudinal sound beam.

Transverse waves are  interrupted because the de-
fects  are more or  less  perpendicular  to the direc-
t ion of  propagat ion (See Figure B-6) .  When trans-
verse ref lect ions do not  occur  af ter  the f i rs t  back
reflection, further inspection of the part with angle
transducers  is  necessary.

B-13.  DISTURBANCES DUE TO SHAPE OF IN-
SPECTED PART. When parts having a configuration
more complex than rolled stock are inspected, trans-
formation of longitudinal waves into shear or trans-
verse waves may occur,  as  described in paragraph
B-12.  For example,  during inspect ion of  a  rai l road
axle,  the various dimensional  changes in the axle
may cause transverse waves. It is difficult to recog-
nize transverse waves because reflections will usually
occur before the back reflection. Where the inspected
part has dimensional changes, a drawing of the part
must be made and a theoretical analysis of the path
of the sound beam made. The part must be inspected
f r o m  b o t h  s i d e s  a n d  t h e  i n s p e c t i o n  r e p e a t e d  a t
symmetrical  points  because such disturbances wil l
occur at all symmetrical points. Other disturbances
due to the shape of the part are illustrated in Figure
B-7.  Figure B-8 i l lustrates  the presence of  a  mis-
leading reflection at point 2.

B-14. Reflections after the first back reflection can
occu r  i n  d i ame t r i ca l  t e s t i ng  o f  ba r  s t ock  due  t o
excessive divergence of  the sound beam when the
transducer  is  not  adapted to  the curvature  of  the
part  under  inspect ion.  Figure B-9 i l lustrates  this
ref lect ion as  shown at  point  “b“.  The contact  area
will be practically in a straight line and the spread
of the beam almost 180 degrees. These disturbances
are more likely to occur with increased smoothness

of the surface finish. These disturbances also occur
during immersed scanning but are less pronounced.
The absence of these reflections after the back re-
flection may be a direct indication of defects such
as described in paragraph B-12. For the inspection
of parts having complex configurations, the following
procedures should be followed:

a .  Make a  drawing of  the  par t  and sketch the
sound path.

b.  Make a  note  of  the symmetr ical  occurrence
of the reflections.

c .  M e a s u r e  f r o m  o t h e r  s u r f a c e s  w i t h  a n g l e
transducer if possible.

d. Determine the exact location of the suspected
defect with the aid of a reference block or calculator.
(Refer to paragraphs 4-89 and 4-91.)

B-15. DISTURBANCES BECAUSE OF GRAINSTRUC-
TURE OF INSPECTED PART. Irregular reflections
resul t ing from coarse-structured parts  may occur
because the grain structure of part greatly influences
acoust ical  propert ies  of  the part .  Fine grain s truc-
ture in steel has a very low damping effect which is
contrary to a casting having coarse structure. It is
very diff icult ,  i f  not  impossible to transmit  ul tra-
sound through such a part. The direction in which
the sound beam is sent into the part also influences
the ref lect ions due to  the or ientat ion of  the grain
structure. Disturbances due to structure first manifest
themselves by producing insuff icient  sound trans-
mission so that  a  back ref lect ion is  not  received,
and the sensitivity for detection of a flaw is absent. The
lack of sensitivity for detecting a flaw is not mis-
leading because multiple irregular reflections occur
as illustrated in Figure B-10. A lower frequency may
often give more conclusive results. A sudden change
in  s t ruc tu re  w i l l  s e ldom g ive  a  d i r ec t  r e f l ec t i on
unless the area of the change is comparatively large
and  the  sh i f t  i s  r ad i ca l  f rom f ine  t o  ve ry  coa r se
grain structure. During weld inspection considerable
damping can be experienced coinciding with multiple
small reflections identical to those caused by a coarse
structure.  Small  weld defects  wil l  be lost  in those
small multiple indications.
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APPENDIX III

INSPECTION OF CASTINGS

C-1. INSPECTION OF CASTINGS.

C-2. Due to  the s t ructure  of  cast ings ,  ul t rasonic
in spec t i on  o f  c a s t i ngs  i s  o f t en  imposs ib l e .  When
inspecting castings, the frequency and sound velocity
shou ld  be  de t e rmined .  Sound  ve loc i t y  may  va ry
greatly in different castings. Inspection of castings
i s  n o t  a l w a y s  p r a c t i c a l  w h e n  i t  i s  n e c e s s a r y  t o
obtain a frequency of one megacycle as only larger
defects  can be detected.  A back ref lect ion should
be obtained if at all possible. Angle transducers or
angulat ion may be used for  inspect ing non-paral lel
surfaces by immersion of the part to obtain a direct
reflection. Due to the shape and structure of castings,
defects in castings generally do not give back reflec-
tions. Therefore, the shadow or absorption method of
inspection must be used as described in paragraphs
4-74 and 4-75. Inspection of small castings is more
difficult because of the following reasons:

a. Test surfaces are smaller which requires use
o f  spec i a l  t r ansduce r s  o r  co l l ima to r s  fo r  con t ac t
scanning and special fixtures for immersed scanning.

b. The small casting is often irregularly shaped.

c.  Reflect ions are very close and make inter-
pretations difficult.

d. Comparison with radiographic or destructive
tests are necessary. When a small number of castings
a r e  t o  be  i n spec t ed ,  u l t r a son i c  i n spec t i on  i s  no t
economica l  and  r ad iog raph ic  i n spec t i on  i s  more
feasible.

C-3. The following inspection procedures are listed
for ultrasonic inspection of Castings:

a .  Determine cr i t ical  areas  on the cast ing and
concentrate inspection on these areas.

b. Determine the best possible position for the
transducer  or  t ransducers .

c .  Place the t ransducer  in  such a  posi t ion that
the t ransducer  and part  being inspected are  s table
and held firmly in position.

d. Make certain that a good acoustical couplant
is used.

e .  D i v i d e  t h e  c a s t i n g s  t o  b e  i n s p e c t e d  i n t o
three groups according to the amplitude of the back
reflection.

f . Inspect  one or  two cast ings of  each group
by another method of inspection such as the radio-
graphic or destructive method of inspection. Various
g r o u p s  o f  c a s t i n g s  c a n  t h e n  b e  c l a s s i f i e d  a n d  a
spec i f i c a t i on  fo r  r e j ec t i on  o r  a ccep t ance  o f  t he
casting may be established.

g. From each group of castings, a representa-
t i v e  c a s t i n g  i s  s e l e c t e d  t o  a d j u s t  a n d  c a l i b r a t e
equipment.

N O T E
During the phase of  destruct ive tes t ing,
sectioning castings by cutting reveals only
limited information. Additional sectioning
may be necessary for  closer  examination
of the casting.

C-4. INSPECTION OF INGOTS. A frequency of 1 or
2.25 megacycles should be used during the inspec-
tion of ingots. The surface under the transducer should
be ground smooth. Inspection should be performed in
a transverse direction with a 45-degree angle trans-
ducer and a normal transducer positioned as shown
in Figure C-2.  Detect ion of  secondary pipe in the
upper end of the ingot is possible, but small indica-
tions should be ignored because the indications may
originate from structure. This test is considered to
be indecisive.

C-5. INSPECTION OF FORGED AND EXTRUDED
PARTS.

C-6 .  Re fe r  t o  f i gu re  C- l  f o r  a  l i s t  o f  i n spec t i on
possibilities for forged or extruded parts. The most
appropriate and best inspection methods for inspect-
ing forged and extruded parts are as follows:

C-7. INSPECTION OF ROUGH FORGINGS. A fre-
quency from 1 to 2.25 megacycles should be used
f o r  i n s p e c t i n g  r o u g h  f o r g i n g s .  T h e  s u r f a c e  m u s t
be free of scale and Cleaned with a steel brush or
e m e r y  w h e e l  a t  s u r f a c e s  w h e r e  t r a n s d u c e r s  a r e
to be placed. The ends of forgings should be cleaned
by sawing off  or  turning or  gr inding the ends.  A
viscous oil should be used as a couplant. Inspection
may be performed in both a longitudinal and trans-
verse direction while using a 45-degree angle trans-
ducer. Inspection will show a general pattern of piping.
The back reflection should be kept at an amplitude
of full scale if possible. The size of defects near the
transducer  should not  be over-est imated while  in-
specting forged castings. Slag streaks can be recog-
nized because they occur in the direction of the grain
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of the forging and when scanned in the direction of
t h e  g r a i n , r evea l  on ly  a  s l i gh t  i nd ica t ion  i f  any
indication at all. Segregations in forgings are seldom
indicated direct ly,  excluding carbide segregations.
Carbide segregations are found by accompanying slag
inclusions.  Flakes may be dist inguished from slag
streaks because f lakes vary rather  abruptly in dis-
tance from the surface of the forging when the trans-
ducer  is  moved.  If  the area of  f lakes exceeds half
a  s q u a r e  i n c h ,  t h e  b a c k  r e f l e c t i o n  w i l l  a t t e n u a t e
intensely and the depth position will change rapidly.
However,  i f  f lakes occur in concentr ic  r ings,  i t  is
difficult to distinguish the flakes from slag streaks.
When a longitudinal  or  t ransverse crack is  present
and extends in the direction of sound, the amplitude
of the back reflection decreases considerably without
an essent ial  defect  ref lect ion.  I f  the t ransducer  is
shifted laterally, the blurred defect reflection usually
extends to a considerable depth.

before submerging the part. The frequency used for
inspecting machined forgings and parts should vary
from 2.25 to 5 megacycles. Inspection is performed
by  t he  d i r ec t  me thod  o r  by  t he  d i r ec t  me thod  a t
increased range.  In  many cases  the shape of  the
machined forging is complicated and inspection must
be  pe r fo rmed  w i th  ex t r eme  accu racy .  I t  i s  o f t en
n e c e s s a r y  t o  e x a m i n e  f o r g i n g s  w i t h o u t  o b t a i n i n g
a clear  pat tern but  the asymmetry of  the pat tern
i n  a  s y m m e t r i c a l  p a r t  w i l l  b e  a n  i n d i c a t i o n  o f
defects .  Figure C-3 i l lustrates basic test  problems
with correct  and incorrect  methods of  inspect ion.
Plane surfaces are preferred for inspecting machined
forgings because of  bet ter  surface contact  and be-
cause r e f r a c t i o n  d u r i n g  i m m e r s e d  s c a n n i n g  i s
eliminated. For large machined parts such as axles,
the following general rules should be followed:

C-8. INSPECTION OF MACHINED FORGINGS AND
PARTS. The surface of  machined parts  is  usual ly
sufficiently smooth for inspection by ultrasonic in-
spection without further preparation. However, turning
grooves may cause erratic indications. These erratic

a . Determine the best inspection method from a
drawing of the part to be inspected. Make a sketch
of the drawing in ratio to the screen pattern. Place
the sketch above the oscilloscope to facilitate identi-
fication of various reflections.

indicat ions can be overcome by using grease or  a
viscous oi l  as  a  couplant .  For  immersed scanning,
the g rea se o r  o i l  m u s t  b e applied to the surface

b .  D e t e r m i n e  t h e  f r e q u e n c y  a n d  s i z e  o f  t h e
crystal. Use a collimator if the part is to be immersed.

FORGED OR DEGREE OF
EXTRUDED PARTS INSPECTION

Ingot: Limited

REMARKS

Inspection depends upon structure and alloy
used.

Rough
Forging

Limited Heat treatment may be required. Inspect in-
itially for large defects such as shrink holes,
disc-shaped cracks, and disintegration due
to forging.

Machined
Forgings and
p a r t s

Shrink
F i t s

Good

Good

Inspect for defects such as shrink holes, disc-
shaped cracks, hydrogen cracks, and small
f laws.  

Inspection is usually limited to new parts where
oil and grease have not penetrated the shrink
fit.

Rolled
Stock

Plates and

Rivet Hole
Inspection

Extrusion

Good

Good

Good

Good

Inspect laps and seams. Inspect for cracks.

Inspect for slag inclusions, laminations, and
wall thickness measurements.

Inspect for incipient cracking and web cracks.

Inspect for longitudinal defects and inclusions.

Figure C-l . Inspection of Forged and Extruded Parts
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c. Transmit the sound at a slight angle without
changing the longitudinal waves into transverse waves
i f  poss ib le , r e t a i n i n g  t h e  a n g l e  a t  l e s s  t h a n  3 3
degrees in steel.

d .  D e t e r m i n e  t h e  e x a c t  l o c a t i o n  o f  t h e  b a c k
reflection.

e.  Adjust  the sensi t ivi ty with the back reflec-
t ion or  with the aid of  a  reference block.  (Refer
to paragraph 4-49).

f .  When inspect ing axles ,  a lways inspect  from
two sides of  the axle  and determine the locat ion
of reflections accurately because the reflections may
coincide with dimensional changes.

g. Inspect with an angle transducer.

h. Examine for symmetry in the screen pattern
and in the part.

i .  Be alert for delayed reflections due to changes
in dimensions and defects. The delayed reflections may
b e  d u e  t o  t r a n s f o r m a t i o n  f r o m  l o n g i t u d i n a l  i n t o
transverse waves.

Figure C-4. Shrink fit with Accompanying Screen
Pattern

J.  Indicate  defects  or  suspected ref lect ion on
the sketch of the part.

k. Correlate findings with other non-destructive
methods of inspection such as magnetic particle or
liquid penetrant, if possible. Immersed scanning is
best used for inspection of gear wheels where incip-
ient cracks can be expected on gear teeth. Miniature
contact transducers give excellent results for inspec-
tion of parts having this type of configuration.

NOTE
Auxil iary equipment is  required for  im-
mersed scanning, particularly of symmet-
r ical  parts  where an adjustable turntable
should be used.

C-9. INSPECTION OF EXTRUSIONS.

C-10. The surface condition of extrusions is appro-
priate  for  ul t rasonic inspect ion.  Test  f requencies
of  2 .25 to  5  megacycles  are  used.  Methods of  in-
spect ion are the same as those for  rol led s tock as
descr ibed in  paragraph C-15 below and machined
forgings and parts described in paragraph C-8. When
inspecting extrusions, only longitudinal defects can be
e xpe c t e d .  I m m e r s e d  s c a nn i ng  i s  be s t  s u i t e d  f o r
inspecting extrusions.

C-11. INSPECTING SHRINK FITS.

C-12. Surfaces become partially permeable to sound
when pressed together. The amount of permeability
depends upon the pressure exerted on the two ma-
ter ials  and the surface condit ion of  the boundary.

Generally it can be said that pressure of 4 kg/mm2 or
5690 pounds/square inch gives a relative amplitude
of  the ref lect ion of  15 mil l imeters  at  2-1/4 mega-
cycles,  and 50 mil l imeters  ( in.)  at  5 megacycles.

At a pressure of 8 kg/mm2 or 11,380 pounds/square
inch, this is 35 millimeters (in.) at 2.95 megacycles
and 65 mil l imeters  at  5  megacycles .  These values
are  for  a  smooth boundary surface.  From a rough
surface, however, the amplitude of the reflection is
considerably higher. Figure C-4 shows a shrink fit
with accompanying screen pattern. The quality of a
shrink fit is roughly classified as follows:

a.  Loose shrink f i t ;  many mult iple ref lect ions
with no back reflection.

b. Moderate shrink fit; many multiple reflections
with small back reflections.

c. Good shrink fit; few multiple reflections with
sufficient back reflections.

d. Very good shrink fit; practically no multiple
reflections with almost normal back reflection.
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C-13. When oil exists in shrink fits tested, the oil
pene t r a t i on  i n  a  l oose  sh r ink  f i t  wou ld  make  i t
appear  to  be a  moderate  shrink f i t ,  in  a  moderate
shrink fit would appear to be a good shrink fit, and
a good shrink f i t  would appear to be a very good
shrink f i t .  The presence of  oi l  in  used shrink f i ts
must therefore be considered.

C-14. INSPECTION OF ROLLED STOCK.

C-15.  The surface of  rol led s tock should be clean
and dirt and loose scales removed. Test frequencies
for  inspect ing rol led s tock must  be between 2.25.
and 5 megacycles. Angle transducers, with 35-, 45-,
and 60-degree angles may be used depending upon the
diameter of the rolled stock. Inspection of the stock
should be performed in a longitudinal direction first.
Transverse defects will show direct reflections. When
longitudinal defects are evident, the amplitude of the
back reflection will decrease while often transverse
defects  can be observed af ter  the back ref lect ion.
In spec t ion  i n  a  t r ansve r se  d i r ec t i on  w i l l  i nd i ca t e
long i tud ina l  de fec t s  more  d i s t i nc t l y .  Core  f l aws ,
which occur most commonly as narrow longitudinal
p i p i n g ,  c a n n o t  b e  f o u n d  b y  i n s p e c t i n g  f r o m  o n e
direction only. Better inspection can be had by zig-
zagging the t ransducer  between two surface l ines
shifted by 90 degrees. During inspection by immersed
scanning stock should be rotated.

C-16.  Longitudinal  defects ,  which are  eccentr ic ,
cannot be found with inspection methods described
in paragraph C-12. However, it is possible to receive
an indirect  indicat ion by the absence of  a  delayed
ref lect ion.  When using angle t ransducers  for  de-
termining eccentric defects when inspection is per-
formed by immersed scanning,  the most  successful
method is  to  adjust  the  t ransducer  away from the
center of the stock as illustrated in figure C-5. Any
defect  wil l  be shown as  a  moving ref lect ion when
the transducer is shifted to a new location or the
stock rotated. When the reflection disappears near
t h e  t r a n s m i t t i n g  p u l s e  t h e  d e f e c t  i s  b e n e a t h  t h e

Figure C-5. Immersed Scanning of Bar Stock and
Tubes

Figure C-6. Surface Wave Inspection of Small
Diameter Bar Stock

transducer .  When the ref lect ion moves in  f ront  of
t h e  i n d i c a t i o n  f r o m  t h e  s u r f a c e  o f  t h e  s t o c k  i n
immersed scanning,  dir t  or  surface i rregulari t ies
may be the cause of the indication. Surface waves
can be used for  the detect ion of  surface defects .
Using surface waves for  inspect ing s tock having
small diameters is of special importance. The trans-
d u c e r  i s  p l a c e d  o n  t h e  s t o c k  a s  s h o w n  i n  F i g u r e
C-6 without  the  use  of  a  couplant .  Strong surface
waves are generated around the stock in both direc-
t ions.  The screen pat tern wil l  appear  as  shown in
F i g u r e  C - 6 .  A n y  d e f e c t  w i l l  f i r s t  d e c r e a s e  t h e
number of multiples and secondly give direct reflec-
tions.

C-17. INSPECTION OF PLATES AND SHEETS.

C-16. Surfaces of plates and sheets must be free of
loose scale, dirt, and rust. The test frequency must
vary from 2.25 to 5 megacycles. Higher frequencies
a r e  u s e d  f o r  t h i n n e r  m a t e r i a l s .  P l a t e s  h a v i n g  a
thickness of one inch or more are inspected by the
direct method at a range setting of twice the thick-
ness of  the material  i f  possible.  Laminations wil l
give direct reflections with considerable attenuation
of the back reflection or complete disappearance of
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Figure C-7. Ultrasonic Inspection of Plates, Sheets, and Pipes
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the back reflection. Slag inclusions will give direct
r e f l e c t i o n s  a l s o ,  b u t  t h e  a t t e n u a t i o n  o f  t h e  b a c k
reflect ion is  often negligible.  Laps on the side of
t he  t r an sduce r  w i l l  c ause  t o t a l  d i s appea rance  o f
the pattern but when the lap is on the opposite side
of the transducer, a change in location of the back
reflection will be observed as shown in figure C-7.
The direct method of inspection at an increased range
or inspection by the absorption method must be used
when inspecting thinner sheets.

C-19. When inspecting plates and sheets by the direct
method of  inspect ion,  not  only is  the regulari ty of
the pattern observed, but also defect reflection be-
tween the multiples is shown. In the absorption method
of inspection, only the regularity of the pattern and
the number of multiples are considered. Inspection
of plates by using angle transducers is another method
of  fast  inspect ion.  When the sound beam is  t rans-
mitted perpendicularly to the plate-edge, a reflection
can be obtained from it. This reflection is used as
a reference indication. Attenuation of this signal can
be  caused  by  de fec t s ,  l a ck  o f  coup l ing ,  o r  mi s -
a l i g n m e n t  o f  t h e  t r a n s d u c e r  w i t h  t h e  p l a t e  e d g e .
This method of inspection is used as a fast inspec-
t i on  t e chn ique  on ly .  I n spec t i on  o f  p l a t e s  by  t he
direct  and absorpt ion methods must  be applied for
further  evaluat ion of  the mater ial .  Separate  t rans-
mit ter  and receiver  angle t ransducers ,  spaced at  a
f ixed dis tance from each other ,  are  preferrable for
i n s p e c t i n g  t h i n  m a t e r i a l s .  T h e  a m p l i t u d e  o f  t h e
t r a n s m i s s i o n  p u l s e  i s  a  m e a s u r e  f o r  t h e  e n e r g y
received and the presence or  absence of  defects .

C-20.  INSPECTION OF RIVET HOLES (See f ig-
ure C-8).

C-21. The surface of the plate near and between the
rivets must be free of scale and rust for inspecting
rivet  holes .  Only angle t ransducers  are used;  pre-
ferably miniature transducers. Frequency for inspect-
ing r ivet  holes  must  be 2.25 to  5 megacycles .  An
80-degree angle transducer is used for plates thick-
nesses  up to  0 .600-inch thick.  A ‘IO-degree angle
transducer  is  used for  inspect ing thicker  material .
The sound beam is  t ransmit ted in  the direct ion of
the rivet hole until a maximum reflection-is obtained.
By changing the direction of the beam, the amplitude
of the reflection will decrease. If a crack is present,
however, a n o t h e r  r e f l e c t i o n  o c c u r s  a t  t h e  s a m e
place.  The t ransducer  must  be  moved 360 degrees
around the rivet hole for incipient cracks. However,
t h i s  i s  p r ac t i ca l ly  imposs ib l e .  Dange rous  c r acks
usual ly  occur  at  an angle  range of  45 degrees  to
the connecting line of the rivets and it is therefore
p o s s i b l e  t o  c h e c k  t h e  f r o n t  r o w  o f  r i v e t s  q u i t e
s u f f i c i e n t l y .  I f  a n  a c c u r a t e  t e s t  o f  o t h e r  r o w s  o f
r ivets  is  necessary,  special  miniature t ransducers
m u s t  b e  o b t a i n e d .  I t  c a n  b e  c a l c u l a t e d  w h e t h e r
cracks are on the inside or outside of the material
by using the calculator  as  described in paragraph
4-91. If the cracks are on the outside surface of the
material, a magnetic particle inspection or penetrant
inspection shall be performed.

Figure C-8. Inspection of Riveted Joint for Incipient Cracking
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APPENDIX IV

ULTRASONIC VERSUS RADIOGRAPHIC WELD INSPECTION

D-1. ULTRASONIC  VERSUS  RADIOGRAPHIC  WELD  INSPECTION.

D-2. The most widely used method of non-destructive
t e s t i n g  o f  w e l d s  i s  r a d i o g r a p h y ;  t h a t  i s  X - r a y s
electronically produced or gamma rays emitted by
the disintegration of radio isotopes, usually Iridium
192 and Cobalt 60. Radiographic inspection has many
advantages but several inherent disadvantages. The
major object ion in weld inspection is  that  X-rays
and gamma rays are direction sensitive with respect
t o  two-d imens iona l  de f ec t s .  As  t he se  de fec t s  a r e
detrimental to the integrity of the weld the objection
is a serious one in critical structures. These defects,
cracks,  lack of  penetrat ion and lack of  fusion can
be detected with ultrasonic techniques. The minimum
dimension of detectable discontinuities is approxi-
mately 125 percent  of  the grain s ize.  Figures D-1
and D-2 i l lustrate the necessi ty of  mult iple radio
graphs in detecting these defects.

R a d i o g r a p h i c  i n s p e c t i o n  b e c o m e s  m o r e  a n d  m o r e
difficult at greater thicknesses, especially with respect
to defects  mentioned.  The interpretat ion of  radio-
graphs is difficult.

D-3. T h e  u l t r a s o n i c  m e t h o d  o f  i n s p e c t i o n ,  p a r -
t icular ly at  construct ion si tes  under  adverse condi
tions with respect to space and danger to personnel,
offers  many advantages. The ultrasonic methods
of inspect ion are object ionable in some areas;  the
inspect ion of  welds in  mater ials  of  less  than 0.5
inch is  possible ,  but  to  determine the depth of  a
d e f e c t  u n d e r  t h e  s u r f a c e  o r  i n  m a n y  c a s e s ,  t h e
nature of  the defect  is  diff icul t  to  determine.  The
use of higher frequencies and miniature transducers
has improved inspect ion,  however  by using these
accessories the limiting thickness is between 0.250
and 0.375 inch. Contrary to radiography, the greater
the thickness of the material the better the possibilities
are for  ul t rasonic inspect ion.  The fact  that  a  per-
manen t  r e co rd  o f  t he  we ld  i s  no t  ava i l ab l e  w i th
ultrasonic inspection, except photographs of the screen
pattern, may also be called objectionable.

D-4. The automation of  several  ul t rasonic tech-
niques has part ial ly overcome the object ion of  not
having a permanent record of the weld inspection,
by recording the amplitude of defect reflection on a
strip chart. The position and width of the recorded

Figure D-1. Radiographic Weld Inspection to
Detect Lack of Penetration

Figure D-2. Radiographic Weld Inspection to
Detect Lack of Fusion
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Figure D-3. Comparison of Recorded Indication with Position
and Length of Defects

D - 2



T.O. 00-25-224 Appendix IV
Paragraphs D-5 to D-6

Figure D-4. Recordings of Automatic Ultrasonic Inspection of
Silver Brazed Pipe Joints with Ratio Analyzer

indication is relative to the position and the length
of  the defect  (See f igure D-3) .  Figure D-4 shows

D - 9 ,  a  n u m b e r  o f
are i l lustrated with

automatic recordings made of the silver brazed joint
in a pipe having a diameter of 0.5 inch. The device
also analyzes the percent  of  bond per  t ransducer
area and over  an adjustable  area such as  1/4- inch
of the circumference.

D - 6 .  I n  f i g u r e s  D - 5  t h r o u g h
possible welds in constructions
the optimum inspection method or methods indicated.
The symbols used are those given by the American
Welding Society in the “Welding Handbook,” Fourth
Edition, Section 2, Non-Destructive Testing Symbols.
(See figure D-10).

D-5. Personnel performing ultrasonic inspection are
evaluating the integrity of the weld by observing a
dynamic pattern of reflections. A judgement is made
immediately with respect to classification of the weld.
Personnel performing radiographic inspection do not
evaluate the integri ty of  the weld from a dynamic
pattern, but from a permanent shadow picture. The
in t e rp r e t a t i on  does  no t  have  t o  be  accompl i shed
immediately but  can be postponed to a  more con-
venient time when, if necessary, a group judgement
with respect  to  the classif icat ion of  the weld can
be made.

TYPE OF TEST SYMBOL

Radiographic R T
Magnetic Particle MT
Penetrant P T
Ultrasonic UT
Eddy Current E T

The test symbol consists of the following elements;

Reference line (N) number of tests
Arrow Tail
Bas i c  t e s t i ng  symbo l Extent of test
Test all around symbol Specification
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Figure D-5. Possibilities of Inspection
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Figure D-6. Possibilities of Inspection Figure D-8. Possibilities of Inspection

Figure D-7. Possibilities of Inspection Figure D-9. Possibilities of Inspection
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Figure D-10. Basic Testing Symbols According to American
Welding Society
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ENGINEERING TABLES

Figure E-1. Table of Sound Velocities in Solids
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Figure E-2. Table of Sound Velocities in Water

Figure E-3. Reflection Factors for Amplitude In Percentage
and Decibels. (Sheet 1 of 2)
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Figure E-3. Reflection Factors for Amplitude In Percentage
and Decibels. (Sheet 2 of 2)
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Figure E-4. Angles of Refraction for Various Materials
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Figure E-5. A.S.A. Pipe Schedules
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Figure E-6. Steel Tube Specifications
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Figure E-7. Electrical Conductivities for Non-Magnetic
Materials (Sheet 1 of 3)
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CONDUCTIVITY OF MAGNESIUM AND MAGNESIUM ALLOYS

Figure E-7. Electrical Conductivities for Non-Magneiic
Materials (Sheet 2 of 3)E - 8
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F i g u r e  E - 7 .  E l e c t r I c a l  C o n d u c t i v i t i e s  F o r  N o n - M a g n e t i c  M a t e r i a l s  ( S h e e t  3  o f  3 ) E - 9 / E - 1 0
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Figure E-9.  Greek Symbols

Figure E-10.  Trigonometr ical  Funct ions
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Figure E-11.  Conversion Factors Figure E-12.  Conversion Factors

Figure E-13. Sound Velocities in Steel
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Figure E-14. Abbreviations for Metric Prefixes

Figure E-15. Abbreviations and Letter Symbols
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APPENDIX VI
GLOSSARY

A-SCAN. A data presentation method by which in-
tel l igence signals from a single object  location
are displayed. As generally applied to pulse echo
ultrasonics, the horizontal and vertical sweeps are
proportional to time or distance and amplitude or
m a g n i t u d e  r e s p e c t i v e l y .  T h u s  t h e  l o c a t i o n  a n d
magnitude of  accoust ical  interface are indicated
as to depth below the transducer.

ABSORPTION. The loss of energy caused by small
discontinuities in the materials. The sound energy
is dispersed at the boundaries of the discontinuities.

ACCOUSTICAL IMPEDANCE. The factor which de-
termines ref lect ion at  a  boundary ( interface) .  I t
i s  t h e  p r o d u c t  o f  t h e  m a t e r i a l  d e n s i t y  a n d  t h e
sound velocity within the material. Indicated with
Z. Also named “Sound resistance.”

ADIABATICAL DIVERGENCE. Irregularities in diver-
gence due to changes in molecular  act ivi ty in a
material caused by the temperature of the material.

AGGREGATE CONDITION. There are three aggregate
conditions namely; gaseous, liquid and solid. As
l o n g  a s  a  m a t e r i a l  r e m a i n s  i n  i t s  “ a g g r e g a t e
condition” the sound veloci ty wil l  increase with
temperature .

ALTERNATING CURRENT. A periodic conduction
current that reverses direction at regular intervals.

ALTERNATING FIELD. Region or space transversed
by force of alternating current.

AMPLIFIER. A device which increases the magnitude
of an incoming signal.

AMPLITUDE. Referring to the vertical deflection of
the osci l logram. The vert ical  height  of  the indi-
cat ion measured from the lowest  to  the highest
point of the oscillogram.

ANGLE OF INCIDENCE. The angle between the original
direction of the ultrasonic beam and an imaginary
line drawn perpendicular to the reflecting surface.

ANGLE OF REFLECTION. The angle  between the
reflected ul trasonic beam and an imaginary l ine
d r a w n  p e r p e n d i c u l a r  t o  t h e  r e f l e c t i n g  s u r f a c e .

ANGLE OF REFRACTION. The angle formed between
t h e  u l t r a s o n i c  b e a m  a s  i t  e n t e r s  a  m e d i u m  o f
different  acoust ical  propert ies  and a l ine drawn
perpendicular  to  the boundary between the two
media.

ANGLE TRANSDUCER. A transducer in which the
sound beam is  set  to  a  predetermined angle to
generate longitudinal transverse or surface waves
in the part under inspection.

ANISOTROPIC. Having properties, as conductivity,
velocity of sound, light, etc., which vary according
t o  t h e  d i r e c t i o n  i n  w h i c h  t h e y  a r e  m e a s u r e d .

ANTINODE. The point halfway between two adjacent
nodes in a vibrating body.

ASYMMETRICAL. (See symmetrical) not symmetrical.

ATTENUATION. The diss ipat ion in  an ul t rasonic
system due primarily to the viscosity or damping
o f  t h e  m e d i u m .  H e a t  c o n d u c t i o n  a n d  r a d i a t i o n
between the compression and rarification section
of the waves also has a major part in the losses
experienced.

B-SCAN. A data presentation method generally ap-
plied to pulse echo techniques which yields a two
dimensional view of a cross -sectional plane through
the part under inspection.

BACK REFLECTION. Indication on the cathode ray
tube  d i sp l ay  r ep re sen t ing  t he  oppos i t e  s i de  o f
the specimen under test.

BACKGROUND NOISE. Noise due to  dis turbances
of periodic or random occurrence.

BACK REFLECTION, LOSS OF. See Loss of Back
Reflection.

BARIUM TITANATE. Polycrystalline Barium Titanate
BaTiO . A ceramic material  composed of  many

individual  crystals  f ired together and polarized
by the application of an electrostatic field.

BEAM.  A  d i r ec t ed  f l ow  o f  ene rgy  in to  space  o r
mat ter .

BLOCKS, REFERENCE (or Calibration). Blocks used
to cal ibrate  ul t rasonic pulse echo equipment  in
direct  relat ionship to the CRT display.  Used to
adjust  for  l ineari ty,  sound veloci ty,  as  reference
for sensi t ivi ty and to control  quali ty of  perfor-
mance of  the  ins t rument  and t ransducer  charac-
t e r i s t i c s .

See IIW. Reference Block.
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BLOCKS,  TEST.  A  b lock  o r  s e r i e s  o f  b locks  o f
ma te r i a l  con ta in ing  a r t i f i c i a l  o r  ac tua l  d i s - con-
t inui t ies  of  one or  more ref lect ing areas at  one
or  more dis tances  f rom the tes t  surface,  which
are used for  reference in  def ining the s ize and
distance of defective areas in materials.

BONDARY. The interface between two media.

BOUNDARY REFLECTION. Reflection at the inter-
face of two media.

BURN THROUGH. A mel t ing of  metal  away from
the root of the weld or through the backing strip.
Th i s  d i s con t i nu i t y  appea r s  on  a  r ad iog raph  a s
individual  or  continuous darkened areas of  elon-
gated or rounded contours that may be surrounded
by light rings.

C-SCAN. A data presentation method giving a two
dimensional  plan view of  the scanned surface of
the part (shadows, reflections).

CALIBRATION. Process of comparing an instrument
or device with a reference standard.

CATHODE-RAY-TUBE. An electron tube in which a
beam of  electrons is  used to produce an image
on a  f luorescent  screen at  the  face of  the  tube.

COLLIMATING NOZZLE. Plexiglas tube of special
shape,  which is  f ixed to  an immersed scanning
transducer to decrease the diameter of the sound-
beam.

COLLIMATION. Decreasing the diameter of the sound-
beam.

COMPENSATOR. An electr ic  device by which the
impedance in  par t  of  a  network is  changed.  The
current  increment  which is  thereby produced at
any point  in  the  network is  equal  to  the  current
that  would be produced at  that  point  by a  com-
pensating e.m.f.

COMPRESSIONAL WAVE. Waves in which the particle
motion or  vibrat ion is  in  the same direct ion as
the propagated wave. Same as longitudinal wave.
Longitudinal wave preferred expression.

CONTACT SCANNING. Testing with transducer in
d i r ec t  con t ac t  w i th  ma te r i a l  t h rough  a  l aye r  o f
couplant.

COUPLANT. Any media  used between the face of
the t ransducer  and surface of  the  mater ia l  under
in spec t i on  t o  pe rmi t  t r an smi s s ion  o f  u l t r a son i c
energy.

CRATER CRACK. A crack originating in the Crater
in a weld bead. This discontinuity appears radio-
graphically as short fine lines extending outward
from the crater.

CRYSTAL MOSAICS. Two or more crystals mounted
in the same plane in  one holder  and connected
so as to cause all crystals to vibrate as one unit.

CRYSTALS, X-CUT. Section cut so that its parallel
p l a n e s  a r e  p e r p e n d i c u l a r  t o  t h e  X - a x i s  O f  t h e
crystal. A thickness longitudinal mode of vibration
occurs when electrically excited.

CRYSTALS, Y-CUT. Section cut so that its parallel
p l a n e s  a r e  p e r p n e n d i c u l a r  t o  t h e  Y - a x i s  O f  t h e
crystal. A thickness transverse mode of vibration
occurs  when electrically excited.

CRYSTALS, Z-CUT. Sect ion cut  so that  i ts  thick-
n e s s  p a r a l l e l  p l a n e s  a r e  p e r p e n d i c u l a r  t o  t h e
Z-axis of the crystal.

DAMPING. Decrease or  decay of  ul t rasonic wave
amplitude with respect to time.

DEAD ZONE. The extent of an area directly under
the t ransducer  where  no defects  can be detected
due to the width of the transmitting pulse.

DEFECT REFLECTION. The indicat ion of  the  re-
turn of reflected energy from flaws in the material.

DELAYED SWEEP. Magnification of portions of the
time scale obtained on the cathode-ray tube screen,
so that any portion of the total distance being
tested can be presented on the viewing screen.

Example:  When tes t ing an 18-foot  bar ,  the  uni t
can be so adjusted that the length from the fifth
t o  t h e  s i x t h  f o o t  o f  t h e  b a r  c a n  b e  p r e s e n t e d
a c r o s s  t h e  e n t i r e  w i d t h  o f  t h e  v i e w i n g  s c r e e n .
Bo th  t he  i n i t i a l  pu l s e  and  t he  back  r e f l e c t i on
will be off screen in this case.

DENSITY. The rat io  of  the  mass  of  an object  to
its volume. Indicated with Greek Symbol (delta -
lower case).

DIFRACTION. The bending of a wave front around
an obstacle.

DIFFUSE REFLECTION. Rough surface reflections
o f  u l t r a son i c  waves  f rom i r r egu l a r i t i e s  o f  t he
s a m e  o r d e r  o f  m a g n i t u d e  o r  g r e a t e r  t h a n  t h e
wave length.
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DISCONTINUITY.  A  gene ra l  t e rm  app l i ed  t o  a l l
condit ions which present  an obstacle  to  the pas-
sage of the ultrasonic beam during test.

DIVERGENCE. Natural spreading of the sound beam.

DOMAIN MOBILITY. Domain is  a  substructure  in
a  f e r ro -magne t i c  ma te r i a l  w i th in  wh ich  a l l  t he
e l emen ta ry  magne t i c s  ( e l ec t ron  sp in s )  a r e  he ld
al igned in one direct ion by inner  atomic force,
if isolated it makes a permanent magnetic. Mobil-
i t y  i s  t he  l a t i t ude  ava i l ab l e  be fo re  d i s tu rb ing
the electron spin.

DOUBLE SEARCHING TEST UNIT. A test method
employing two separate  searching uni ts ,  one for
sending and the other  for  receiving or  both re-
r e c e i v i n g  a n d  t r a n s m i t t i n g .  T h e  f i r s t  t h r o u g h -
transmission, the second reflection technique.

ECHO. See ref lect ion.  Reflect ion preferred word.
On ly  u sed  t o  i nd i ca t e  t he  bas i c  t ype  o f  equ ip -
ment or method; pulse-echo ultrasonics.

EDDY CURRENT. Currents generated in a material
due  t o  va r i a t i ons  i n  an  app l i ed  magne t i c  f i e ld .

EFFECTIVE DEPTH OF  PENETRATION. -  Eddy
current .

EFFECTIVE PENETRATION - Ultrasonic maximum
depth at which a defect can be detected by ultra-
sonic testing. The effective penetration will vary
widely with different  types of  materials ,  s ize of
crystal, size of defect and frequency used.

ELASTIC LIMIT.  The highest  uni t  s t ress  to  which
a  ma te r i a l  may  be  sub j ec t ed  w i thou t  c aus ing  a
permanent  deformation to  remain,  upon release
of the stress.

ELASTICITY. The abil i ty of  a  material  to absorb
and transmit energy without suffering a permanent
c h a n g e  i n  s h a p e .  T h i s  c h a n g e  m a y  b e  l a r g e  o r
microscopically small, and will occur when energy
is applied to the material, but once the disturbance
is removed, the material will revert to its original
shape.

ELECTRON SPIN. Elementary magnets in the domain
of ferro-magnet ic  mater ial  or  the spinning of  an
electron on its axis.

ELECTROSTRICTIVE. The ability of sintered cer-
amic mater ials  to  undergo a  dimensional  change
when an al ternat ing current  is  appl ied to  i t  and
v i sa  ve r sa .

EMULSIFICATION. Mixing two otherwise incom-
patible substances, usually liquids such as oil and
water , by  u s ing  a  t h i rd  subs t ance  ( emu l s i f i e r )
as a catalyst.

END SUPPRESSION. To eliminate a spurious elec-
tronic signal caused when the last part of a tube
passes through a solenoid.

EXPANDED SWEEP. An expansion of the horizontal
sweep line or time axis on the viewing screen of
t h e  u l t r a s o n i c  i n s t r u m e n t .  T h i s  p e r m i t s  c l o s e
scrutiny of any portion of the pattern when used
in conjunct ion with the sweep delay.  See range
magnification or delayed sweep.

EXTRUDED. Having been shaped or formed by forc-
i n g  t h r o u g h  d i e s  b y  p r e s s u r e ,  u s u a l l y  w i t h  t h e
application of heat.

FAR ZONE. Divergence of sound beam beyond the
near zone.

FATIGUE CRACK. A crack which enlarges under
repeated cycles of  s tress;  a  progressive fracture.

FLUORESCENT SCREEN. The coating of material in
the cathode-ray tube which glows under electronic
bombardment from the cathode.

FOCUSING. Concentration or convergency of energy
into a small beam.

FREQUENCY. The frequency of a wave motion is the
number of complete waves which pass a given point
per second. The medium makes one vibration for
e a c h  w a v e  t h a t  p a s s e s ;  h e n c e  t h e  f r e q u e n c y  o f
a wave motion has precisely the same significance
of a periodic motion.

FRESNELL ZONE. See Near Zone.

GAS POROSITY. This term is used to describe gas
inclusions which occur  in  the weld as  cavi t ies .
They are formed by gases that  fai l  to  escape as
t h e  w e l d  m e t a l  c o o l s .  O n  a  r a d i o g r a p h  t h e s e
cav i t i e s  appea r  a s  round  o r  e longa t ed  spo t s  o f
varying sizes and densi t ies .  Porosi ty may occur
singly, linearly, In clusters, or randomly scattered
throughout the weld.
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GHOST. Spurious indications on the CRT screen that
could not be explained. This expression is without
technical foundation and should not be used.

HARMONICS. Those vibrations differing in frequency
f r o m  t h e  f u n d a m e n t a l  v i b r a t i o n  b y  a n  i n t e g r a l
multiple.

HASH. Numerous small indications appearing on the
viewing screen of the ultrasonic instrument indi-
cative of many small inhomogeneities in the ma-
terial or caused by grain structure or (electronic)
background noise.

HEIGHT OF INDICATIONS. Amplitude of reflection
displayed on the oscilloscope.

HETEROGENEOUS. A structure composed of unlike
or unrelated elements.

ICICLES (TEARDROPS).  A coalescence of  metal
b e y o n d  t h e  r o o t  o f  t h e  w e l d  w h i c h  a p p e a r s  a s
individual ,  l ight ,  circular  indications on a radio-
graph.

IMMERSION TESTING. A method of testing in which
the part to be tested is immersed in water or other
liquid, so that it works as a couplant. The ultra-
sonic t ransducer  is  a lso immersed but  is  not  in
contact  with the par t .  Immersion test ing is  most
useful  in  mass inspect ion of  par ts  with regular
or  symmetrical  shapes.

INCOMPLETE PENETRATION. This discontinuity al-
ways occurs  at  the root  of  a  welded joint  and is
caused by the absence of  ful l  penetrat ion to  the
deepest portion of the weld joint. This discontinuity
appears ,  on a  radiograph,  as  a  s traight  dark l ine
along the center of the weld and depending upon
the width of the discontinuity will vary from a thin,
s h a r p ,  d i s c o n t i n u o u s  l i n e  t o  a  b r o a d ,  d i f f u s e d ,
continuous one.

INCLUSIONS. Slag, particles of impurities, usually
oxide, sulphide, s i l i c a t e s  a n d  s u c h ,  w h i c h  a r e
mechanical ly held during sol idif icat ion or  which
are formed by subsequent  react ion of  the sol id
metal .

INDEX OF REFRACTION. The ratio between wave
speed in one material and wave speed in a second
material .

INDICATION. A reflection of vertical signal centered
on the base line of the screen caused by an indication
of reflection from the material under test.

INERTIA. The property which causes bodies at rest
to remain at rest unless acted upon by some external
force, and which causes bodies moving at a con-
stant velocity to continue at this uniform rate and
in the same direct ion,  unless  acted upon by an
e x t e r n a l  f o r c e  which changes the veloci ty or
direction.

INGOTS. A mold in which metal is cast. A mass of
m e t a l  c a s t  i n t o  a  s h a p e ,  t o  b e  r e m e l t e d  l a t e r
for  cast ing or  f inished by rol l ing,  forging,  etc .

INITIAL PULSE INDICATION. See transmitting pulse.

INTERFACE. A boundary between two materials of
different acoustical impedance.

ISOTROPIC. Having the same propert ies  in  every
direct ion.

KILOCYCLE. One thousand cycles.

LACK OF FUSION. Failure of  weld metal  to fuse
completely with the base metal  or  with the pre-
ceding beads.  I ts  appearance radiographically,  is
that of a dark indication usually of elongated shape.

LAMB WAVE. A group of modes of ultrasonic vibra-
tions capable of propagation in materials. Propa-
gation occuring over the surface of a solid whose
thickness is comparable to the wave length.

LAMINATIONS. Metal  defects  with separat ion or
weakness general ly al igned paral lel  to the work
surface of  the metal  may be the resul t  of  pipe,
bl is ters ,  seams,  inclusions or  segregation elon-
gated and made directional by working.

LAP. A surface defect appearing as a seam caused
from folding over hot metal fins, or sharp corners,
a n d  t h e n  r o l l i n g  o r  f o r g i n g ,  b u t  n o t  f o r m i n g  a
homogeneous surface.

LAW OF REFLECTION. The law of reflection states
that “The angle of reflection is equal to the angle
of incidence.”

LONGITUDINAL WAVE. Waves in which the particle
velocity is  restrained to motion in the direct ion
of the wave propagation. Longitudinal waves are
di lat ional  and irrotat ional  which means there is
a change in the body volume. Longitudinal waves
are also known as compression waves.
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LONGITUDINAL WAVE VELOCITY. The ra te  of
p ropaga t ion  o f  a  wave  pa ra l l e l  t o  t he  d i r ec t i on
of motion of the particles.

LONGITUDINAL WELD CRACK. A rupture in the
direction of the weld which appears on the radio-
graph as dark and usually well-defined irregular
l i n e s  b u t  i n  s o m e  i n s t a n c e s  a s  s h a r p  s t r a i g h t
lines. If the plane of the crack deviates from the
direct ion of  the X-ray beam, the crack wil l  ap-
pear  as  a  broad,  poorly defined band;  where the
deviation is considerable, the crack may show up
as a light shadowy area, difficult to detect.

LOSS OF BACK REFLECTION. The absence or de-
crease in ampli tude of  an indicat ion of  the far
surface of the article being inspected.

MAGNETOSTRICTION. The expansion and contraction
of  a  ferro-magnet ic  mater ial  under  the inf luence
of a changing magnetic field; sometimes used to gen-
erate ultrasonic waves of low frequency.

MANIPULATOR. A device used for  orientat ion of
the transducer assembly.  As general ly applied to
immersion techniques,  the device provides ei ther
an angular or normal (perpendicular) sound wave
path at the point of application.

MARKERS. A series of square waves or other beam
deflections that can be adjusted, displayed on the
cathode-ray tube screen of the ultrasonic equipment
used to determine the distance from the test surface
o f  t h e  a r t i c l e  b e i n g  i n s p e c t e d  t o  a  s u b s e q u e n t
discontinuity or boundary.

M A S S .  A  m e a s u r e  o f  t h e  q u a n t i t y  o f  m a t t e r  i n  a
body  a s  de t e rmined  by  compar ing  t he  changes
in the velocities that result when the body and a
standard body impinge.  Mass is  the quotient  ob-
tained by dividing the weight  of  a  body by the
acceleration due to gravity.

MEDIA. Plural for medium.

M E D I U M .  T h a t  t h r o u g h  o r  b y  w h i c h  a n y t h i n g  i s
accomplished.

MEGACYCLE. One million cycles.

MEMBRANE. Any thin, soft, pliable sheet or layer.

METER. A measure of length equal to 39.37 inches;
the basis of the metric system.

MILLIMETER. One thousandth of a meter.

MODE. The term is used to describe particle motion
in sound waves,  as  in  “mode of  vibrat ion.”  The
f o u r  c o m m o n  m o d e s  o f  v i b r a t i o n  i n  u l t r a s o n i c
test ing are  longi tudinal ,  t ransverse,  surface and
lamb.

MODULUS OF ELASTICITY. A measure of rigidity
of  the metal .  Rat io of  s t ress  within proport ional
l imi t  t o  co r r e spond ing  s t r a in .  Spec i f i ca l ly  t he
modulus obtained in tension or  compression is
YOUNG’S MODULUS, stretch modulus or modulus
of extensibility.

MOLECULES. A uni t  of  mat ter .  The smallest  par-
ticle of an element or compound that can exist in
the free s tate  and st i l l  retain the character is t ics
of the element or compound.

MULTIPLE BACK REFLECTIONS. Repetitive reflec-
t ions from the far  boundary of  an ar t ic le  being
inspected.

NDT. Abbreviation for non-destructive testing.

NEAR ZONE EFFECTS. Poor ultrasonic resolution
aris ing from complex wave front  character is t ics .
Also known as the Fresnel field.

NEAR ZONE. (Fresnel) In divergence of sound beam,
the near zone is that zone which extends a limited
dis tance f rom the t ransducer  with  the  far  zone
beyond it. (See figure 4-14).

NODE. A point in a standing wave where some char-
acterist ic  of  the wave f ield has essential ly zero
amplitude.

NOISE (electronic). An unwanted disturbance within
a useful frequency band.

NON-DESTRUCTIVE TESTING. A general term ap-
plied to all test methods which permit inspection
or testing of a material or part without changing
or damaging the material or part.

ORIENTATION. Angular position with respect to the
test  surface of  the ref lect ing surface of  the dis-
continuity.

OSCILLOSCOPE. An instrument for showing a visible
pat tern which is  the graphical  representat ion of
electr ical  s ignals,  by variat ions of the posit ion
of  the focused spot  or  spots  in  accordance with
these signals.

PARTICLE MOTION. Movement of particles in an
article brought about by the action of a transducer.
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PATTERN. The light picture traced on the viewing
screen of the cathode-ray tube.

PENETRATION. Transmission of ultrasonic energy
through an article. See Effective Penetration.

PERIOD. The period of a wave motion is the time
required for a complete wave to pass a given point
or  the t ime required for  one complete  vibrat ion
of  the  medium. The period is  the reciprocal  of
the frequency.

PHASE. A quantity indicating a particular stage of
p r o g r e s s  i n  a n y  r e c u r r i n g  o p e r a t i o n  s u c h  a s  a
vibration. Phase is usually expressed as an angle
or part of a cycle in which the complete cycle of
operation equals 360 degrees.

PIEZOELECTRIC. The ability of certain crystals, to
d e f o r m  w h e n  a n  a l t e r n a t i n g  c u r r e n t  i s  a p p l i e d
to it and visa versa.

PIEZOELECTRIC EFFECT. The characteristic of a
certain dialectric materials (quartz, Rochelle salts,
etc.) to exhibit electrical charges on certain sur-
faces when the material is subjected to mechanical
stress and conversely to exhibit mechanical vibra-
tions when subjected to electrical charges.

PIPE. A cavity formed in metal ,  especial ly ingots,
du r ing  t he  so l i d i f i c a t i on  o f  t he  l a s t  po r t i on  o f
l i q u i d  m e t a l .  C o n t r a c t i o n  o f  t h e  m e t a l  c a u s e d
this cavity.

PLATED CRYSTAL. Crystal on which metallic sur-
f a c e s  a r e  d e p o s i t e d  f o r  p r o t e c t i o n  o r  t o  g i v e
surfaces on which the electrical potential can be
impressed.

POTENTIAL. Electric field intensity at a point re-
sul t ing from the work necessary to  br ing a  uni t
charge to a point from an infinite distance.

PRESENTATION. The method used to show ultrasonic
wave information which may include A-,  B- or
C- scans  d i sp l ayed  whe the r  on  va r ious  t ypes  o f
recorders or cathode-ray instrumentations.

P R O B E .  A  t r a n s d u c e r  o r  s e a r c h  u n i t ,  g e n e r a l l y
used for a coil in eddy current inspection.

PROPAGATION. Propagat ion takes  the form of  a
displacement of successive elements of the medium.
If the substance is elastic, a restoring force tends
to  b r ing  each  e l emen t  o f  ma te r i a l  back  t o  i t s
original  posi t ion.  Since al l  such media possess
ine r t i a ,  t he  pa r t i c l e  con t i nues  t o  move  a f t e r  i t
r e t u r n s  t o  t h e  p o s i t i o n  f r o m  w h i c h  i t  s t a r t e d ,
and finally reaches another different position past
t he  o r ig ina l  one .  F rom the  s econd  po in t ,  i t  r e -
turns to its starting position, about which it con-
t i nues  t o  o sc i l l a t e  w i th  cons t an t l y  d imin i sh ing
amplitude.
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P U L S E .  D e n o t e s  s a m e  c o n d i t i o n  a s  w a v e  t r a i n .

PULSE ECHO. The transmission of sound or other
energy form into a material in the form of spaced
pubes and recording the length of time necessary
for each such pulse to travel through the material
and  r e tu rn  t o  t he  sou rce  o f  ene rgy .  A l l  s i ng l e
searching unit (transducer) testing is based on the
pulse-echo method.

PULSE LENGTH. Time duration of the pulse Sent
to the search unit.

PULSE METHOD. Contrary to a continuous method,
the soundwave in the pulse method is interrupted
at a low frequency (300-1000 c/s).

PULSE RATE. The number of pulses transmitted in
a  un i t  t ime .  A l so  ca l l ed  pu l se  r epe t i t i on  r a t e .
Abbreviation p.r.r.

QUALIFYING AGENCY. The agency,  usual ly the
employer, who qualifies personnel by issuing certi-
fying papers classifying personnel  as to Class I ,
Class II, Class IlI, and Class IV non-destructive
testing inspectors.

QUARTZ. A form of silica occurring in hexagonal
c rys t a l s  o r  i n  c rys t a l l i ne  masses .  S i l i ca  i s  t he
most  common of  al l  sol id minerals  and may be
colored, colorless, or transparent.

RAREFACTION. The thinning out, or moving apart
o f  t he  pa r t i c l e s  i n  a  ma te r i a l  a s  an  u l t r a son i c
wave is propagated; opposite in its effect to com-
pression. The sound wave is composed of alternate
compressions and rarefact ions of  the mater ial .

RAY. A ray is  the path of  one element  of  a  wave
front .  In  the  case  of  unobstructed sound waves ,
the ray is always normal to a wave front. Thus,
for plane waves, the rays are parallel lines normal
to the wave fronts.

RAYLEIGH WAVE. A wave that travels on or close
to the surface and readi ly fol lows the curvature
of the part being examined. Reflections occur only
a t  s h a r p  c h a n g e s  o f  d i r e c t i o n  o f  t h e  s u r f a c e .

RECTILINEAR PROPAGATION. Rectilinear propa-
gation is  a  characterist ic  exhibited by ul trasonic
waves due to  their  shor t  wave lengths .  In  such
cases, the wave motion is transmitted in a straight
line. Therefore, energy cannot travel around sharp
discontinuities. It is this property which makes it
possible to use ultrasonic waves for locating small
defects, since any such small inhomogeneity will
Cast a sharp shadow behind it. As the wave length
becomes shorter ,  the wave motion more closely
approaches the ideal condition of absolute rectilinear
Propagat ion.  However,  the character is t ic  is  pro-
n o u n c e d  e n o u g h  t o  b e  e v i d e n c e d  b y  a l m o s t  a l l
testing frequencies.
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REFLECTED PULSE. Any pulse or wave train which
has changed its original direction of propagation
as a result of striking a reflecting surface.

REFLECTING SURFACE. A boundary of a part under
test  which wil l  cause a  ref lect ion of  any wave
train which strikes it. Any discontinuity of suffic-
ient size also presents a reflecting surface to the
wave train.

REFLECTION. The phenomenon by which a  wave
str ikes  a  boundary and changes the direct ion of
i ts  propagat ion.  Two important  factors  inf luence
the ref lect ion of  an ul t rasonic  wave.  One factor
is the dimension and direction along the propaga-
tion path; the second factor is the cross-sectional
area.  The dimension along the propagat ion path
interrupts  the wave,  but  i t  is  the cross-sect ional
area which determines the amount  of  ref lect ion.

REFRACTED RAY. A refracted ray is  one which
has been changed both in veloci ty and direct ion
as  a  r e su l t  o f  i t s  hav ing  c ro s sed  an  i n t e r f a c e
between two different  media and having ini t ial ly
been directed at an angle to that interface.

REFRACTIVE INDEX. The ratio Of the velocity Of
a wave in one medium to the velocity of the wave
in a second medium is the refractive index of the
s e c o n d  m e d i u m  w i t h  r e s p e c t  t o  t h e  f i r s t .  T h e
r e f r a c t i v e  I n d e x  i s  a  m e a s u r e  o f  t h e  a m o u n t  a
wave will be refracted when it enters the second
medium after leaving the first medium.

RESISTANCE. The opposition offered by a substance
or body to the passage through it of an electrical
current; the reciprocal of conductance.

RESONANCE. The phenomenon shown by a vibrating
system which responds with maximum ampli tude
under the action of a harmonic force which occurs
when the frequency of the applied force is the same
as a natural frequency of the vibrating body. Also
the s tate  of  adjustment  of  a  circui t  permit t ing a
maximum f low of  current  when an electromotive
f o r c e  o f  a  p a r t i c u l a r  f r e q u e n c y  i s  i m p r e s s e d .

RESONANCE METHOD. A method employing the
resonance principle for the measurement of dimen-
s i o n s  a n d  o t h e r  f r e q u e n c y  d e p e n d e n t  q u a l i t i e s .

RESONANT FREQUENCY. The frequency at which a
body will vibrate freely after being set in motion
by some outside force.

REVERSE PIEZOELECTRIC EFFECT. Deformation of
a crystal when an electric potential is applied to
it .

SAWTOOTH. A wave form appearing on the screen of
an osci l loscope that  is  s imilar  in shape to teeth
in a saw.

SCANNING. Moving the transducer along a test sur-
face to obtain complete testing of the entire volume
of a material being tested. Scanning may be either
manual, where the unit is held and moved by hand,
or scanning may be automatic where the transducer
is  held and moved with the aid of  a  mechanical
device.

SCATTERING. Dispersion of ultrasonic waves in a
medium due to causes other than damping.

SCREEN. The chemical ly-coated inside surface of
the large end of a cathode-ray tube which becomes
luminous when electron beams strike it.

SEARCHING UNIT. Also known as the transducer
(preferred). The crystal-containing unit used as a
t r ansduce r  t o  conve r t  e l e c t r i c a l  impu l se s  i n to
mechanical vibrations and to introduce such vibra-
tions into the part being tested, and to also receive
mechanical vibrations or reflections from the parts
and convert them into electrical signals for display
on the viewing screen.

SEGREGATION. Non-uniform distribution of alloying
elements, impurities or microphases.

SENSITIVITY. Measure of the ability of the instru-
ments to detect defects, based on the size of the
defect detectable and value of indication obtained.

SHADOW CONE. The volume behind a discontinuity
into which the ultrasonic vibrations do not enter
due to their reflection by the discontinuity.

SHEAR WAVES. When the direct ion of  a  wave is
pe rpend icu l a r  t o  t he  d i r ec t i on  o f  v ib r a t i on  o f
the par t ic les  of  the medium in which the wave
t r ave l s ,  t he  wave  i s  s a id  t o  be  a  t r ansve r se  o r
shear  wave.  The veloci ty of  shear  waves is  ap-
proximately one half  that  of  longitudinal  waves.

SIGNAL-TO-NOISE RATIO. The ratio, expressed in
terms of amplitude between the indication from the
smallest  defect  desired to be detected,  and the
Indicat ions received from random reflect ions.  In
ul trasonic test ing,  any material  which character-
istically shows numerous random reflection indica-
tions, is said to be “noisy!"

SINGLE TRANSDUCER. A searching unit which both
transmits  and receives;  used only in pulse-echo
testing.

SLAG INCLUSIONS. Slag Inclusions is the name given
to  non -me ta l l i c  so l i d  ma te r i a l  wh ich  becomes
entrapped in weld metal  or  between weld metal
and base metal. They are primarily materials which
are less opaque to X-rays and produce dark indi-
cat ions which are of  elongated or  i r regular  con-
tour. They occur singly, in a linear distribution,
or scattered randomly throughout the weld.
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SNELL'S LAW (SNELLIUS LAW). The phenomenon
wherein longitudinal waves are refracted and trans-
formed Into transverse or shear waves.

SONAR. An apparatus that detects the presence and
locat ion of  submarines ,  underwater  mines,  e tc . ,
by means of  inaudible high-frequency vibrat ions
w h i c h  a r e  r e f l e c t e d  b a c k  t o  i t  f r o m  t h e  o b -
j e c t s .

SOUND. A longitudinal  or  compression wave phe-
nomenon which may be capable  of  exci t ing the
auditory nerve.

SOUND DISPERSION. See Dispersion, Sound.

SPECIFIC ACOUSTIC IMPEDANCE. A factor which
determines the amount of deflection which occurs
at an Interface and represents the product of the
density of the medium in which the wave is propa-
gating and the wave velocity.

STACKED CRYSTAL. Several crystals cemented to-
gether with the faces of the same polarity in the
same direction.

STANDING WAVE.  A type of wave in which there
are nodes, or points of no motion, between which
the medium vibrates. Stationary waves result when
two similar  waves t ravel  s imultaneously and in
opposite direction through a medium as in a vibrat-
ing violin string.

SURFACE WAVE. See Rayleigh Wave.

SWEEP. The uniform and repeated movement of an
electron beam across  the f luorescent  screen of  a
cathode-ray tube.

SYMMETRICAL. Simmilari ty of  form of  arrange-
ment on ei ther  s ide of  a  dividing l ine or  plane.

TEST FREQUENCY. The frequency of vibration of
the ultrasonic transducer employed for ultrasonic
testing and the characteristic frequency of a part
for eddy current testing.

TEST SURFACE. Any boundary of  mater ial  under
test on which the transducer is placed to transmit
into the material  or  where a  probe is  placed to
m e a s u r e  e d d y  c u r r e n t  e n e r g y  i n  t h e  m a t e r i a l .

THROUGH TRANSMISSION. A test method in which
the vibrations emitted by one transducer that are
a imed  d i r ec t ly  o r  i nd i r ec t ly ,  and  r ece ived  by ,
another transducer. The ratio between quantity of
vibrat ions sent  and received is  a  measure of  the
soundnes s  o r  qua l i t y  o f  ma t e r i a l  be ing  t e s t ed .
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TIME BASE. An indication on the horizontal trace
of the cathode ray tube based on the frequency of
the electrical Input to the test instrument.

TRACE. The pattern or indication on the cathode-
ray tube viewing screen.

TRANSDUCER. A transducer is a device by means
o f  w h i c h  e n e r g y  m a y  f l o w  f r o m  o n e  o r  m o r e
transmission systems to one or more other trans-
mission systems. The energy transmitted by these
systems may be of  any form. ‘For example,  the
energy may be electrical, mechanical, or acousti-
cal .

TRANSMISSION. The act of introducing vibrations into
the material to be tested.

TRANSMISSION ANGLE. The incident angle of the
t r a n s m i t t e d  u l t r a s o n i c  b e a m .  T h e  t r a n s m i s s i o n
angle is zero degrees when the ultrasonic beam is.
perpendicular to the test surface.

TRANSMITTED PULSE. The wave train introduced
Into the material being tested.

TRANSVERSE WAVE. Waves in which the vibration
of the particles of the medium in which the wave
is  t raveling is  perpendicular  to the direct ion of
propagation. Such waves are due to shearing forma-
tions and are also known as shear waves.

TRANSVERSE WELD CRACK. In general their ap-
pearance is  s imilar  to longitudinal  cracks except
that  they run t ransverse  to  the direct ion of  the
weld.

TUNGSTEN INCLUSIONS. Tungsten inclusions are
associated with the tungsten Inert-atmosphere weld-
ing methods. They may be in ‘the form of small
spl inters ,  globules, or  as  pieces  of  the tungsten
electrode.  Radiographically,  they appear as l ight
indications with well-defined boundaries.

ULTRASONIC GENERATOR. A device capable of
generating ultrasonic waves.

ULTRASONIC TESTING. A non-destructive method of
test ing mater ials  by t ransmit t ing high frequency
sound waves through the materials.

ULTRASONIC VIBRATIONS. Vibrational waves of a
frequency above the  normal  hear ing range.  The
term includes all waves greater than approximately
20,000 cycles per second.

ULTRASONICS. That branch of the science of physics
which deals with the study of vibrational waves of
a frequency range above the hearing range of the
normal human ear. This includes all waves greater
than approximately 20,000 cycles per second.
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ULTRASOUND. Synonym for ultrasonic energy or
vibrat ions.

UNDERCUT. A groove mel ted into the base metal
adjacent to the toe of a weld and left unfilled by
weld metal. Radiographically it appears as a dark
linear indication of wavy contour occurring adjacent
to the edge of the weld. This discontinuity may also
be detected by visual examination of the weldment.

VELOCITY. Wave speed. Sound waves travel with
veloci ty or  speed,  dependent  upon the elast ici ty
and the density of the medium in which they travel.

VIBRATION. Another name for wave.

VISCOUS. Liquid that is thick and resistant to flow.

VOLUME. Space occupied in cubic measurements.

WAVE FRONT. Continuous focus of the points in the
m e d i u m  w h i c h  a r e  i n  t h e  s a m e  p h a s e  o f  t h e i r
vibrations. For example, if the waves are emitted
by a  point  source immersed in  the medium, the
wave fronts are concentric spheres. If the source
i s  v e r y  d i s t a n t ,  t h e  r a d i i  o f  t h e  s p h e r e s  a r e
very great, and the wave fronts become practically
plane.

WAVE LENGTH. One wave length is  the  dis tance
from a given point on a wave to the next corres-
ponding point. The corresponding point is the point
where the wave has the same amplitude and where
displacement  is  in  the same direct ion.  The wave
length of a periodic wave in an isotropic medium
is the perpendicular  dis tance between two wave
fronts in which the displacements of a phase dif-
ference of one complete cycle.

WAVE MOTION. This is the propagation of deforma-
t i o n s  t h r o u g h  a  d e f o r m a b l e  o r  e l a s t i c  m e d i u m .

WAVE SPEED. Sometimes called velocity. The velocity
of  a  wave in moving from point  to  point .  Speed
wil l  vary with temperature and with modulus of
elasticity of the material in which it is traveling.
Audible sound waves have a speed of approximately
1100 feet  per  second in  a i r  and a lmost  16,000
feet  per  second in s teel .  Wave speed equals  fre-
quency times the wave length,

WAVE TRAIN.  A  wave  t r a in  i s  a  sho r t  g roup  o f
waves before or after which there are no waves.

WAVES.  Waves  a r e  c l a s s i f i ed  acco rd ing  to  t he
nature  of  the  forces  concerned in  them.  Sound
waves are a  special  kind of  elast ic  wave.  Sound
waves occur in media which have two properties,

inert ia  and elast ici ty.  If  an element of  media is
displaced, it must be subject to a restoring force,
tending to annul the displacement, and if the medium
is to be capable of transmitting a tram of waves,
it must possess inertia so that when it is restored
to its undisplaced position, the momentum which
it has acquired may carry it through that position
to a displacement opposi te  the 0riginal  one.  If
the waves are  of  a  constant  type,  that  is ,  i f  the
various characteris t ics  of  a  part icular  wave are
unchanged during its propagation, then the propa-
gation is described by assuming that all the particles
or elements of the medium execute identical orbits
at the same time, each element being a little later
than i ts  neighbor nearer  the source and a  l i t t le
ear l ier  than i ts  neighbor  more remote from the
source.  This  is  to  s ta te  then,  that  the  phase of
the vibrations varies continuously along the line
of propagation. If a wave involves a physical dis-
placement, the impression produced on an observer
is  that  of  a  defini te  velocity.  For example,  the
effect produced by securing a rope at one end and
shak ing  t he  rope  ve r t i c a l l y  a t  t he  o the r  end .

WAVES OF DILATION. Dilation waves are those which
change the volume of material in which they are
p ropaga ted .  Waves  o f  d i l a t i on  a re  a l so  usua l ly
classified as irrotational. This latter term defines
a condition in which there is no element of rotation
of the particle.

WAVES OF DISTORTION. These waves which do not
cause a change in the volume of the material in
which they are propagated.

WEDGE TESTING. The use  of  a  wedge between
crystal  and surface of  test  piece for  test ing of
thin or  i r regular  shaped pieces where i t  is  not
possible to direct  waves in the desired direct ion
using straight contact methods. The wedge directs
the wave into the test piece at an angle, enabling
the wave to reach surfaces otherwise inaccessible.

WETTING AGENT. A substance that promotes wetting.
Wetting agents act by becoming absorbed on the
surface to be wetted, so that it no longer repels
the wett ing l iquid.  Wett ing agents  are  used in
spreading l iquids on surfaces.  They are  used in
ul trasonics test ing to increase the eff iciency of
a couplant.

X-CUT CRYSTAL. A crystal so cut that its major
faces are paral lel  to Z and perpendicular  to X;
the electric field being applied in the X direction.

Y-CRYSTAL. A crystal  cut  perpendicularly to the
Y-axis which vibrates transversely when an alter-
nating current is applied to it.
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